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PREFACE 

This  r e p o r t  describes Midwest Research I n s t i t u t e ' s  approach t o  
character ize u n i d e n t i f i e d  chromatographic peaks i n  HRGC/MS data co l l ec ted  
from the  analys is  o f  human adipose t i ssue f o r  general v o l a t i l e  and sernivola
t i l e  organic compounds. This repo r t  i s  provided as two separate volumes. 
Volume I describes the  techn ica l  approach and presents a summary o f  the  
r e s u l t s  based on frequency o f  observation by age group and census region. 
Volume I1 i s  an appendix t o  Volume I and contains addi t ional  d e t a i l s  on I 

frequency o f  occurrence f o r  bo th  i d e n t i f i e d  and un iden t i f i ed  peaks based on 
census region, census d i v i s ion ,  and age. This repor t  focuses on the approach 
t o  i d e n t i f y i n g  compounds from the  HRGC/MS spectra. The frequency o f  de tec t ion  
o f  spec i f i c  compounds i s  presented. The HRGC/MS data were co l lec ted  f o r  46 
samples prepared as composites from ind iv idua l  specimens o f  the U.S. Environ

*mental Pro tec t ion  Agency's f i s c a l  year 1982 (FY82) National Human Adipose 
Tissue Survey (NHATS) reposi tory.  The sample co l lec t ion ,  compositing, and 
t h e  analys is  o f  t h e  composites f o r  spec i f i c  v o l a t t t e  and semivolat i le  organic 
compounds are  described i n  d e t a i l  i n  separate repor ts  (Stanley 1986b, Stanley 
1986~) .  

Th is  approach t o  the  character izat ion o f  HRGC/MS un iden t i f i ed  peaks 
was developed and conducted f o r  the EPA's O f f i ce  o f  Toxic Substances, F i e l d  
Studies Branch (EPA Contract No. 68-02-4252, Work Assignment 23, Ms. Janet 
Remmers, Work Assignment Manager, and Dr. Joseph Breen, Pro ject  O f f i c e r . .  
Th is  repo r t  was prepared by Mr .  Jon Onstot w i t h  assistance from Mr. Randall E. 
Ay l ing  and Dr .  John S. Stanley, M R I  Work Assignment Leader. 
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EXECUTIVE SUMMARY 

The National Human Adipose Tissue Survey (NHATS) provides the EPA 

Office of Toxic Substances with a unique mechanism for establishing exposure 

o f  the general U.S. population to toxic compounds. This monitoring program
has been used primarily for establishing exposure trends for organochlorine
pesticides and PCBs, The adipose specimens collected in fiscal year 1982 

(FY82) were analyzed as composites for general volatile and semivolatile or

ganic compounds as part of an effort to expand the use and capabilities o f  
the NHATS program. This effort was undertaken as a means to detect poten

tially toxic compounds that might be entering the environment. 


The FY82 samples were composited into 46 samples and were analyzed 
by high resolution gas chromatography/mass spectrometry (HRGC/MS). Quantita
tive data were reported for a specific list of volatile and semivolatile or

-	 ganic compounds, The response to these compounds is a fraction o f  the total 
HRGC/MS response for each of the composites. Many of the peaks in the HRGC/MS 

chromatograms remain unidentified. As part of the effort to document human 
exposure to toxic chemicals, it is necessary to identify as many of these re
sponses -as possible. 

A method for the automatic identification of unknown HRGC/MS peaks 
was developed and applied to the volatile and semivolatile datafiles. The 
files were analyzed in three groups: volatiles, and semivolatiles from two 
fractions col’lected from Florisil cleanup (6% diethyl ether/hexane, and 15/50%

diethyl ether/hexane). 


The method consisted of the following steps: automatic identifica
tion of ‘&known spectra via comparisons to reference mass spectra, transfer 
of the results to a microcomputer for additional processing, compilation of 
the transferred data into a spreadsheet program, and generation of compound
identification tables from the spreadsheet. A computer program, called ACORN, 
was written to perform the automatic identification step. 

Application of this method to the three sets of data resulted in 
the identification of 121 compounds in the volatile samples, 81 compounds in 
the 6% Florisil semivolatiles, and 96 compounds in the 15/50% Florisil semi-‘ 
vo’latiles. These compounds are in addition to the compounds identified and 
quantitated in the target compound search previously reported (Stanley 1986a, 
Stanley 1986b, Stanley 1986~). Identified compounds were grouped into 18 
chemical classes for the volatiles, 22 classes for the 6% Florisil semivola
tiles, and 21 classes for the 15/50% Florisil semivolatiles. Compound classes 
included saturated and unsaturated hydrocarbons, aldehydes, ketones, steroids, 
heterocyclic compounds, drugs, aliphatic and phthalate esters, phenols, halo-
carbons, and methyl-substituted organosiloxanes. 

An additional 99 spectra remained unidentified in the volatile sam
ples, and 258 and 343 spectra in the 6% and 15/50% Florisil semivolatiles, 
respectively. 
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. .  

I .  INTRODUCTION 

The National Human Adipose Tissue Survey (NHATS) is the main opera

tive program of the National Human Monitoring Program (NHMP). The NHMP was 

first established by the U.S. Public Health Service in 1967 and was subse
quently transferred to the U.S. Environmental Protection Agency in 1970. 
Ouring 1979 the program was transferred within EPA to the Exposure Evaluation 
Division (EEO) of the Office o f  Toxic Substances (OTS). 

NHATS is an annual program to collect a nationwide sample o f  adipose
tissue specimens and to chemically analyze them for the presence of toxic com
pounds. The objective of the NHATS program is t o  detect the level and pre
valences o f  the compounds in the general population. The NHATS data are 
used to address part of OTS's mandate under the Toxic Substances Control Act 
(TSCA) to assess chemical risk to the U.S. population. The specimens are 

collected from autopsied cadavers and surgical patients according to a statis

tical survey design (Lucas, Pierson, Myers, Handy 1981). The Survey design 

ensures that specified geographical regions and demographic categories are 

appropriately represented to permit valid and precise estimates o f  baseline 
levels, time trends, and comparisons across subpopulations. Historically,
organochlorine pesticides and PCB residues have been selected for evaluation. 

A. Broad Scan Analysis Strategy 


EPA/OTS has recognized the need to provide a more comprehensive 
assessment o f  the toxic substances that accumulate in adipose tissue. An 
aggressive strategy to assess TSCA-related substances that persist in the 
adipose tissue of the general U.S. population bas been developed by EED. The 
NHATS specimens collected during fiscal year 1982 (FY82) were selected for a 
broad scan analysis o f  volatiie and semivolatile organic TSCA-related chemi
cals (Mack, Stanley 1984). 

The initiative to achieve a more comprehensive assessment necessi
tated either the development of new methods or the modification o f  the exist
ing analytical procedures, specifically high resolution gas chromatography/ 
mass spectrometry (HRGC/MS). Data on organochlorine pesticides and PCBs re
ported for the NHATS specimens up to the FY82 collection are based on packed
column gas chrornatography/electron capture detector (PGC/ECD) analysis. 

Under a previous work assignment program for EPA/OTS, Midwest 
Research Institute (MRI) conducted the-analysisof human adipose tissue as 
composites for a specific list o f  organic compounds (Stanley 1986a, Stanley
1986b, Stanley 1986c, Stanley 1986d). Forty-six composites from the NHATS 
FY82 collection period were analyzed for volatile and semivolatile arganic
compounds by HRGC/MS. Although the broad scan analysis approach f o r  a spe
cific-'listo f  compounds provided EPA/OTS with an expanded list o f  potentiatly
toxic compounds in adipose tissue, a number o f  peaks observed in the HRGC/MS
reconstructed ion chromatograms (RIC) were not identified. 

Preliminary procedures were developed to automatically characterize 
the unidentified peaks, and a pilot study of 10 samples was conducted to test 
the procedures. Results o f  this pilot study proved encouraging enough to 
launch the study of the entire volatile and semivolatile sample set. 

1 
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8. Work Assignment Objectives 

The work assignment had three major objectives: (I) automatically 
characterize HRGC/MS chromatographic peaks (i. e., identify compounds by name)
via comparison Qf unknown spectra to NBS mass spectral library reference 

.spectra; (2) compile a Gomprehensive database of mass spectra observed in the 

NHATS composite samples; and ( 5 )  determine the frequency with which each com
pound or unidentified mass spectrum was observed in the  sample set. 

C. Significance 


At the present time, the NHATS program is limited to the screening 
of a predetermined list o f  toxic substances. The philosophy of using a rela
tively small list of target compounds is common in programs requiring GC/MS
analysis of large numbers of samples. The advantages of this technique are 
numerous. Acquisition o f  full scan HRGC/#S data for target compound analysis
is standardized and does not usually require extensive setup time. Operating 

conditions for target compound analysis may be optimized for a particular

sample type and anticipated concentration range, resulting in good sensitivity

for most compounds. The post-acquisition target analyte identification and 

quantitation step is relatively fast, usually requiring less than 30 s per

compound. Finally, both acquisition and quantitation may be easily automated-


However, a major drawback to the target compound approach is that 
nontarget HRGC/MS peaks do not enter into the analysis process. As a result, 
the overall significance of a sample or population o f  samples may be incor
rectly interpreted. The situation is unfortunate because the mass spectral
information necessary for unknown compound identification 3s available from 
datafiles acquired for target compound analysis. 

The reasoqwhy this information is not typically used f o r  unknown 
. peak identification is straightforward: the technology to automatically 
process mass spectral information on this scale has not kept pace with the 
technology to acquire it, As a result, acquisition may take minutes, while 
a complete post-acquisition analysis of unknown constituents might require 
hours, days, or even months, depending on the amount o f  information contained 
in the data. Thus, target compound analysis may be regarded merely as a sim
plification of the larger, more difficult goal o f  complete characterization 
o f  real samples. 

This report describes a method for the automatic identification o f  
HRGC/MS chromatographic peaks in the data from the volatile and semivolatile 
organic analysis of composite adipose tissue samples. “The method consists 
o f  the following steps: automatic identification of unknown spectra via com
parisons to reference mass spectra; transfer of the resu1ts.t.o a microcomputer
for additional processing; compilation of the tranferred data into a spread

sheet program; and generation of compound identification tables from the 

spreadsheet, A computer program, called ACORN, was written to perform the 
automatic peak identification step. 

2 




Appl icat ion o f  the method t o  the three sets o f  data resu l ted  i n  the 
i d e n t i f i c a t i o n  o f  121 compounds i n  the v o l a t i l e  samples, 81 compounds n the 
6% F l o r i s i l  semivolat i les,  and 96 compounds i n  the 15/50% F l o r i s i t  sem vola
t i l e s .  An add i t i ona l  99 spectra remained u n i d e n t i f i e d  i n  the v o l a t i l e  sam
ples,  and 258 and 343 spectra i n  the 6% and 15/50% F l o r i s i l  semivolat i  es, 
respect ively.  

D. Organization o f  t h i s  Report 

Fol lowing t h i s  in t roductory  section, Section If presents recommenda
t i o n s  f o r  pursuing fu ture a c t i v i t i e s  i n  character iz ing u n i d e n t i f i e d  HRGC/MS 
peaks and developing a mass spect ra l  database f o r  adipose t issue. Section 111 
i s  t h e  experimental sect ion and presents a desc r ip t i on  o f  t h e  i d e n t i f i c a t i o n  
method and c r i t e r i a  incorporated i n  the computer-controlled search t o  charac
t e r i z e  the HRGC/MS data. The r e s u l t s  from the  app l i ca t i on  o f  t h i s  automated 
search program a re  presented- in  Section I V .  Section V discusses t h e  technical  
d i f f i c u l t i e s  t h a t  were encountered using t h i s  approach t o  character ize the 
v o l a t i l e  and semivolat i le  HRGWMS data. Per t inent  references are c i t e d  i n  
Sect ion V I .  Supplementary tab les and a l i s t i n g  o f  ACORN, the peak i d e n t i f i 
c a t i o n  computer program, are provided i n  Volume 11 (Appendices). 

I I .  RECOMMENDATIONS 

Recommendations f o r  f u r t h e r  a c t i v i t j e s  i n  the  area o f  u n i d e n t i f i e d  
peaks may be d i v ided  i n t o  three major areas: refinement o f  the i d e n t i f i c a t i o n  
procedure; conf i rmat ion o f  compounds i d e n t i f i e d  i n  t h i s  study; and f u r t h e r  
i n v e s t i g a t i o n  o f  t he  remaining Un iden t i f i ed  peaks. 

A. Refinements t o  the I d e n t i f i c a t i o n  Method 

A number o f  refinements could be made t o  the i d e n t i f i c a t i o n  proce
dure t o  improve r e l i a b i l i t y  and execution speed. R e l i a b i l i t y  could be i m 

~ 	 proved by more f u l l y  u t i l i z i n g  the ava i l ab le  r e t e n t i o n  t ime information. F o r  
example, the work i n  t h i s  study r e l i e d  on a s ing le  reference compound f o r  the 
c a l c u l a t i o n  o f  the r e l a t i v e  r e t e n t i o n  times'(RRTs) of the unknown peaks. 
However, procedures could be developed t o  inc lude r e t e n t i o n  informat ion f o r  
surrogate compounds, t a r g e t  compounds known t o  be present i n  samples, o r  com-

This could even be extended t o  include themonly observed background peaks. 
For example,* 	 u n i d e n t i f i e d  peaks themselves. analysis o f  a f i l e  might begin 

w i t h  the unknown peak c loses t  t o  the i n t e r n a l  standard. I f  the unknown peak 
could be p o s i t i v e l y  i d e n t i f i e d  from the reference l i b r a r y ,  'it could then be 
used as the reference f o r  the unknown peak adjacent t o  it, and so on u n t i l  
a l l  peaks i n  the  f i l e  are analyzed. Di f ferences i n  r e t e n t i o n  t ime between 
unknown and reference are minimized using t h i s  scheme, thus improving the 
accuracy o f  the re ten t i on  t ime tes t .  . .  

A major l i m i t a t i o n  o f  the Incos-based l i b r a r y  search rou t i ne  i s  t h a t  
no attempt i s  made t o  judge the q u a l i t y  o f  the unknown spectrum. The Incos 
data system makes the  assumption t h a t  spectra submitted t o  the l i b r a r y  reu
t i n e s  are o f  h igh qua l i t y .  Unfortunately, t h i s  assumption may n o t  be v a l i d  
fo r  spectra submitted i n  an automatic procedure. Thus, t h i s  requires s ign i f 
i c a n t  i n t e r a c t i o n  through manual review o f  the data. It would be usefu l  i f  a 
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t e s t  could be performed on the  u known s p  ctrum which would provide a quant i 
t a t i v e  measure o f  i t s  qua l i t y ,  such as the percentage o f  masses r i s i n g  above 
the  surrounding signal- to-noise l eve l ,  whether any masses might belong t o  
coe lu t i ng  peaks o r  background, o r  whether a molecufar i o n  i s  present. A 
weighted q u a l i t y  index might then be assigned which could be used t o  assess 
the  v a l i d i t y  o f  subsequent l i b r a r y  searches dur ing automatic processing. 

Other poss ib le  refinements t o  the i d e n t i f i c a t i o n  procedure might 
inc lude t r a n s l a t i o n  o f  the  ACORN program code t o  FORTRAN instead o f  us ing the 
macro or "procedural" language o f  t he  Incos data system and add i t i on  o f  more 
in format ion t o  the  ACORN summary repor t ,  such as RRT and mass spectrum q u a l i t y  
index values (described above) f o r  each peak. Programs could a l so  be w r i t t e n  
t o  automat ica l ly  perform a number o f  bookkeeping a c t i v i t i e s  on the  seed li
brary  t h a t  are p resent ly  done-by an operator a t  a video terminal .  f i n a l l y ,  
t h e  t rans fer  of data from the Incos t o  the microcomputer could be streamlined 
w i t h  add i t i ona l  programming. These refinements would requ i re  an add i t i ona l  
level of e f f o r t  which would probably no t  be recovered through increased e f f i 
c iency on a small peak i d e n t i f i c a t i o n  pro jec t .  For large scale peak i d e n t i f i 
c a t i o n  pro jects ,  however, t he  r e s u l t i n g  e f f i c i e n c y  woutd j u s t i f y  the add i t iona l  -
expense. 

6. Compound Confirmation 

I t i s  s t rong ly  recommended t h a t  some type o f  conf i rmatory work be 
performed f o r  compounds which were t e n t a t i v e l y  i d e n t i f i e d  i n  t h i s  study- A 
s i g n i f i c a n t  number o f  i d e n t i f i e d  compounds could no t  be traced t o  a spec i f i c  
isomer. I n  o ther  cases, peaks could not be assigned t o  s p e c i f i c  cmnpounds 
w i t h i n  c e r t a i n  chemical classes due t o  the  s i m i l a r i t y  o f  mass spectra w i t h i n  
t h e  c lass.  Examples o f  such classes were the homologous ser ies o f  hydro
carbons, phthalates, isomers o f  ch lo r inq ted  compounds, steroids,  etc. .Am
b i g u i t i e s  might be resolved by analys is  of standard mixtures using HRGC/MS 
parameters i d e n t i c a l  tu those used i n  the  o r i g i n a l  t a r g e t  compound analysis.  

C. Addi t ional  I nves t i ga t i on  o f  'Remaining Unknown Peaks 

Many o f  the HRGC/MS chromatographic peaks analyzed i n  t h i s  study 
remain u n i d e n t i f i e d  f o r  two main reasons. F i r s t ,  many o f  the u n i d e n t i f i a b l e  
spectra were unsui tab le fo r  i n t e r p r e t a t i o n  purposes even a f t e r  computerized,' 
enhancement was employed. Thi,s was the  major cause o f  peaks not  being 
i d e n t i f i e d - i n  t h i s  study. Secondly, the f i n i t e  nature of the  NBS l i b r a r y  
prevented some spectra from being i d e n t i f i e d  i n  those cases when the  cor
responding compound simply was no t  represented i n  the l i b r a r y .  Despite these -
d i f f i c u l t i e s ,  add i t i ona l  i d e n t i f i c a t i o n s  may be poss ib le  through analys is  of  
samples using optimized HRGC/MS acqu is i t i on  parameters, add i t i ona l  mass spec
t r a l  i n t e r p r e t a t i o n  programs, or h igh  reso lu t i on  mass spectrometry. 

1. . Opt imizat ion o f  HRGC/HS Acqu is i t ion  Parameters 

Improving the  q u a l i t y  of the unknown spectra could be accomplished
by t he  reanalys is  o f  a subset o f  the  samples us ing operat ing condi t ions more 
s u i t a b l e  f o r  unknown peak i d e n t i f i c a t i o n .  For instance, us ing a stow GC pro
gram r a t e  (- Z°C/min) would help separate peaks t h a t  coeluted i n  the o r i g i n a l  

4 


I 



analyses, thereby improving the quality of the mass spectra. Longer GC 
columns could be used, and in the case of the volatile samples a wide bore 
"Megabore" capillary column might improve separation as well as reduce over
loading. A mass scanning range more appropriate to mass spectral interpreta
tion of unknowns could be used for the semivolatiles. Finally, samples could 
be analyzed at various detection sensitivity settings in order to compensate

- for differences in unknown compound concentration levels. The improved spec
tra could then be resubmitted to the ACORN program. It i s  believed that a 
significant number of unknown spectra could be identified from this procedure
alone. 

2. Other Mass Spectral Interpretation Programs and Databases 


It is suspected that several peaks in this study were not identi
fied because the corresponding reference spectrum was not present in the NBS 
library. In such cases, the use of a different mass spectral library might 
prove successful. One example of a commercially available library is the 
Wiley Registry o f  Mass Spectra, containing approximately 120,000reference 
spectra on a single Compact disk (CD) for use with an IBM-PC. A similar al
ternative is to submit unidentified spectra of off-site mass spectral inter
pretation services, such as the Self-Training Interpretive Retrieveal System
(STIRS) and Probability Based Matching (PBM) programs available from Cornel1 
University (Kwok, Ventkatarughaver, McLafferty 1973;McLafferty, Hertel,
Uillwock 1974; Martinsen, Song 1985). A disadvantage to both o f  these 
approaches is that a significant effort would be required to convert the 
large number of remaining unknown spectra to a format compatible with the 
other data systems. 

3. High Resolution GC/High Resolution MS 

Additional information could be gained by reanalysis of a subset of 
the samples using high resolution GC/high resolution MS (HRGChRMS). HRMS 
provides accurate mass information for ions observed in mass spectra. Mass 
assignments with an accuracy o f  approximately 5 millimass units (mmu) are 
achievable for broad scan capillary GC analysis in high resolution mode. Ac
curate mass values are primarily used to calculate possible elemental formulas 
for the molecu'lar and fragmentation ions. This information could be used both . 
to confirm the NBS-derived compound assignments and to provide additional in
formation concerning unidentified peaks. 

4. Chemica'l Ionization 

Additional information could also be gained from reanalysis using
chemical ionization GC/MS. This technique typically produces a stronger
signal in the molecular ion than electron impact ionization (Ei). Thus,
chemical ionization could provide confirmation for a number of compounds
which have similar E1 spectra, but different molecular weights. An example
is the class o f - straight-chain hydrocarbons, which exhibit nearly identical 
spectra in the low mass range and which do not usually produce molecular ions 
in EI. 
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5. Additional Manual Interpretation 


Most of the manual work performed in this study involved reviewing
the results of the automatic peak identification procedure. However, addi
tional interpretation could be manually performed on the remaining unidenti
fied peaks. Manual interpretation could potentially provide information not 
readily available from a spectral matching approach, such as compound class,
functional groups and molecular weight. 

0. Further Investigations 

The results o f  this study should be examined for significance to 
further efforts involving the screening o f  adipose tissue. This would in
clude determining the source, concentration, exposure and level of toxicity' 
o f  the identified compounds. 

. . 

. .111. EXPERIMENTAL PROCEDURE . . 

This section describes the steps involved in the peak identification 
procedure and their application to the FY82 data. A brief overview of the 
identification method is provided, followed by a discussion of ACORN, the com
puter program written to automatically perform the identification step. Var
ious aspects of the computer program as they related to the identification 
process are discussed. Finally, the application of the identification method 
to the  FY82 data is described. 

A. Description of Identification Method 

A general method for the identification was devised which consisted 
of three major steps. The first step involved the selection of peaks to be 
analyzed. This was accomplished through a combination of manual peak selec
tion and use of the automatic peak selection routine provided in the CHRO pro
gram o f  the Incos data system. A first-pass peak selection was performed 

. 	 using CHRO. The results o f  the selection were then manually reviewed. Manual 
review of the automatic peak selection procedure was necessary because the 
program occasionally had difficulty determining the correct apex o f  peaks lo
cated on the shoulder of others peaks. The program also failed to properly
select very broad peaks. 

The second step was the identification procedure itself. A computer 
program, ACORN, was written which performed the identification procedure auto
matically. The program was designed to operate on a single file at a time,
allowing an opportunity for a manual review of the results before proceeding 

. to the next file. 
. . 
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The third step of the method involved the transfer of the results 

of the identification program to a microcomputer for further data processing.

It was necessary to perform this additional data processing on another com

puter because the Incos data system did not have the software necessary to 

perform the desired tasks. An Apple Macintosh with a 20-megabyte Winchester 

hard disk drive was used for both the transfer step and the additional data 

processing. The transfer was relatively straightforward since the Macintosh 

also functioned as the display terminal for the lncos data system via terminal 

emulation software. Since all the transferrable information was in text for

mat, the transfer process simply involved instructing the Incos to display

the information on the Macintosh screen while in terminal emulation mode, and 

then instructing the Macintosh to "capture" or store the displayed data to 
its own disk. The transferred text was then reformatted so that it could be 
loaded into a spreadsheet program. 

The final step of the method, compilation into the spreadsheet pro
gram and generation of data tables, was relatively straightforward. Microsoft 
EXCEL for the Macintosh was the spreadsheet program chosen for this study.
Three main spreadsheets were produced from the FY82 data, each spreadsheet
consisting o f  compound information from one of the three types of analysis.
Each spreadsheet was arranged as a two-dimensional array of samples vs. com
pounds identified in the samples. Once the main spreadsheets were compiled, 
summary tables were generated which listed such information as compound name, 
CAS registry number, compound formula, relative retention time (RRT), as well 
as frequency of occurrence within certain age groups and geographical regions. 

B. Description o f  ACORN 

The most essential element o f  the method was the computer program 
which automatically performed the compound identifica_tions. The program,
called ACORN, was written using a combination of FORTRAN and the ''procedural'' 
or macro language of the Finnigan/fncos data system. ACORN was designed to 
perform a "two-tiered" forward library search on each HRGC peak in a datafile, 
as shown in the program flowchart i n  Figure 1. Under this scheme, each spec
trum in a datafile was first compared against a special mass spectral library
of dynamic length, hereafter referred to as the "seed" library. The library
search produced a list o f  possible candidates based on comparison of two sim
ilarity index values, FIT and PURITY, to preset threshold values. Candidate 
spectra with similarity index values above the threshold were further screened 
using an RRT test. 

If a suitable match could not be found in the seed library, a second 
library search was conducted using the standard NBS library as the reference 
library. Since no RRT data are provided in the NBS library, selection of the 
best reference candidate was determined solely by comparing FIT and PURITY 
values to preset threshold values. If a Suitable match was found in the NBS 
library, the NBS spectrum was appended to the seed library. If a match could 
not be found in either the seed or the NBS library, the unknown spectrum it
self was appended to the seed library and assigned the name "Unidentified 
Peak." Since spectra were added to the seed library only on the precondition
that they had not previously been observed in the data set, the seed library
served as a comprehensive database of  unique spectra observed in a given data 
set
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Figure 1. Flowchart o f  ACORN peak identification program. 
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C. Library Search Criteria 


As stated previously, a two-tiered library searching scheme was ap
plied in ACORN. This approach was used for the following'reasons. F rst, it 
provided the basis for the design o f  the automatic compilation of the "seed" 
library. Second, ACORN execution time was reduced. The seed librari s com
piled from the data in this report contained 249, 432, and 537 entries for 

the volatile, 6% and 15/50% Florisil semivolatile samples, respectively. The 

version of the NBS library used in this study contained 42,222 reference spec

tra (Heller, Milne 1983). Since the time required to perform a library search 
i s  roughly proportional to the number of spectra in the reference library, a 
typical search using any of the seed libraries required only a fraction of 
the time necessary to perform the same search against the NBS library. And 
third, the two-library approach provided a simple means of implementing the 

RRT test. 


Both the seed and NBS library searches were performed using the 
standard lncos library search program, called LIBR. When a library search of.  . 
an unknown spectrum is performed, LIBR calculates two values for each refer
ence spectrun'lwhich relate to its similarity to the unknown spectrum. These 
values, called FIT and PURITY, range from 0 to 1000. A value of 0 for either 
FIT or PURITY indicates no similarity, while a value of 1000 indicates max

imum similarity. FIT and PURITY vaJues may be negatively affected by such 

conditions as the presence of background contamination or coeluting peaks. 


The ACORN program tested minimum FIT  and PURITY values to determine 
whether an unknown spectrum was found in the seed o r  NBS libraries. Threshold 
limits were determined by evaluating the result of using various-values when 
applied to library searches of a set o f  test spectra. It was found that 
searches o f  the seed library could be performed reliably using PURITY and FIT 
values o f  300 and 800 for the volatile samples, and 600 and 800 for the semi-
volatile samples. NBS library searches required PURITY and FIT values of 800 
and 900 for'both volatiles and semivolatiles. 


Threshold values were relatively relaxed in the seed library search 
because the additional RkT test tended to reduce the number o f  false positive
identifications. The NBS search, with no RRT test, required more stringent
threshold values in order to assure a high degree o f  confidence in compound
identification. Volatile samples required different threshold values than 
the semivolatiles primarily because of differences in operating conditions. 
A discussion of these differences is presented in Section V. 

0 .  Retention Time Test  

A major limitation of the standard lncos library search routine was 
that it often provided more than one acceptable candidate from the available 
choices. This situation often arose for isomers of a single compound, such 
as the various PCBs, or for a family of structurally related compounds whose 
spectra were dominated by fragmentation ions characteristic for the common 
molecular skeleton. Examples o f  this type were the various straight-chain
hydrocarbon series, fatty acid esters, and phthalates. In such cases, the 
library search routine was unable to reliably select a match from the various 
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candidate spectra  because each of them was equally val id  from a spectral
point  of view.  An example o f  multiple candidate reference spectra  i s  shown 
i n  Figure 2. I n  t h i s  example, t h e  results of an NBS l ib ra ry  search conducted 
on an unknown peak a r e  displayed. The f i r s t  section of t h e  r e s u l t s  output -
shows various information about t h e  sample i t s e l f ,  followed by a t a b l e  o f  the 
three  b e s t  candidate spec t ra  from the NBS l i b ra ry  and t h e i r  FIT and PURITY 
values. Following the  t a b l e ,  a graphic comparison of the unknown spectrum
and t h e  three candidates i s  given. As can be seen from t h e  FIT and PURITY 
values and the graphic comparisons, a l l  three candidates a r e  very s imi la r  t o  
t h e  unknown spectrum; and fur ther  se lec t ion  using t h e  avai lable  data  i s  im
pdss ibl e. 

I n  order t o  d i f f e r e n t i a t e  t h e  numerous observed compounds with sim
i l a r  spec t ra ,  an RRT test was empfoyed t o  take advantage of the f a c t  t h a t  com
pounds w i t h  s imi la r  mass spectra  had un ique  re tent ion times. The t es t  was 
performed immediately a f t e r  t h e  seed l i b ra ry  search, u t i l i z i n g  information 
provided by t h e  search. T h i s  t e s t  compared t h e  unknown GC peak’s RRT t o  the 
RRT values of each af t h e  candidate spectra .  A f ina l  candidate was chosen 
from entries passing the  previous t e s t s  by se lec t ing  the entry with the RRT 
c lo ses t  t o  the unknown. A match was considered successful i f  the f i n a l  
candidate passed the l i b r a r y  s imi l a r i t y  t e s t ,  had t h e  c loses t  RR t o  t h e  un
known o f  a l l  candidates passing the l ib ra ry  t e s t ,  and whose pred c ted  reten
t i o n  time (calculated as.RRTc ndidate RTinternal standard f e l l  w i t h i n  a 
window 2 15 s from the  unknowfl. 

E. Manual Review of ACORN Results 

Upon completion o f  each sample analysis  using ACORN, a summary re
por t  was produced which l i s t e d  information about the search resu ts .o f  each 
analyzed peak. An example o f  an ACORN summary report  is shown i n  Figure 3. 
I n  t h i s  example, 40 unknown peaks were analyzed, a s  indicated i n  t h e  Peak No. 
column. FIT and PURITY values f o r  bes t  match i n  t h e  l i b ra ry  i n  which each 
peak was found a re  a l s o  given. For those peaks which were found in  t h e  NB5 
l i b ra ry ,  the corresponding NBS l i b ra ry ’en t ry  number i s  provided. The column 
t i t l e d  ”CURRENT ENTRY” shows either the seed l i b ra ry  entry number which was 
t h e  best  match t o  the  unknown spectrum or  the seed entry number t o  which an 
NBS o r  unknown spectrum was appended. 

The r e s u l t s  of the program were t h e n  manually reviewed. The f i r s t  
s t e p  o f  t h e  review consisted o f  checking the  ACORN summary report  t o  ver i fy
t h a t  the program had operated properly. Next, each mass spectrum appended t o  
the  seed l i b ra ry  was checked t o  ensure t h a t  i t  was indeed a newly observed 
spectrum. T h i s  was accomplished by manually examining the NBS search results, 
such a s  shown i n  Figure 2,  fo r  each appended spectrum. As can be seen in  the 
f igure ,  t h i s  output provides a ranking o f  t h e  three best  candidate reference 
spectra  i n  addition t o  t h e  unknown spectrum. The ACORN program always se
lected t h e  f i r s t  ranked candidate spectrum f o r  addition t o  the seed l ibrary.
However, i f  i t  was determined from manual review t h a t  other candidate spectra 
were equally va l id  choices,  the name o f  the  compound was changed t o  r e f l e c t  
t h e  uncertainty of t h e  select ion.  For example, t h e  name of the  compound asso
c ia ted  w i t h  the  spectrum shown i n  Figure 2 was changed t o  ‘IC5 subs t i tu ted  
naphthalene.” Final ly ,  t h e  RRT, PURITY, and FIT values were checked f o r  a l l  
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Figure 2, Library search results o f  unknown peak with  multiple  
candidate compound identifications. 
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ACORN LIBRARY SEARCH RESULTS 

P G W  SCAN PEAKS BEST BEST BEST L I B R A 3Y CURRENT 
NO., NO. /SCAN 

Fif 
NDS ' 

PURITY ENTRY 
CHOI C E  ENT7Y 

1 254 7 906 622 5852 NDS baa 
2 261 9 933 790 6202 NBS 687 
3 305 14 893 365 9388 UPMN 689 
4 334 13 897 891 SEED 121 
3 
6 

348 
337 

19 993 
13 962 

984 
9a9 

SEE3 
SEED 

121 
12s 

7 360 1s 954 950 SEED 123 
B 348 17 883 870 SEED 124 
9 373 26 . 973 942 SEED 12s -

10 380 6 947 947 SEEO 1ab 
11 384 10 729 34s 21473 UNKN 689 
12 399 10 990 807 5692 NDS 690 
13 417 7 790 377 31109 UNKN 691 
14 429 e 993 795 1930 N B S  692 
1s 441 4 996 913 1391 NBS 693 
16 461 9 995 872 4153 NBS 694 
17 476 12 995 779 SEE3 694 
19 486 10 946 620 11868 NBS 695 
19 44c 10 - 846 617 13161 UNKN 696 
20 525 17. 817 363 7014 UNKN 637 . 
21 604 15 1OOC 800 SEED 14 
22 807 30 990 786 SEED A 

24 896 26 947 907 SEED 166 
25 922 9 67& , 449 10926 UNKN . 699 
26 948 7 908 394 3425 UNKN 700 
27 994 9 702 549 +327 UNKN 701 
28 1043 26 890 816 4-23 1 wnN 702 
a9 1069 10 781 743 31228 UNKN 703 
30 1090 8 353 328 30302 UNKN 7c4 
31 
32 
33 

1104 
1171 
1232 

30 
39 
32 

958 
371 
957 

060 
926 
845 

24638 NDS 
SEED 
SEED 

705 
' 175 

17& 
34 1268 2s 772 310 -270 UNKN 706 
33 1308 27 700 491 *-270 UNKN 707 
36 1314 79 872 346 SEED 1eo 
37 1323 54 933 638 SEED 181 

' 38 143% 39 930 778 +-a63 NBS . 708 
39 1463 18 635 337 +a32 UNHN 709 
40 1308 19 523 370 30560 UNKN 710 

23 845 9 906 906 *-313 N B S  698 

Figure 3. Example of an ACORN summary report .  The columns t i t l e d  "Best F i t "  
and "Best Purity'' r e f e r  to r e s u l t s  o f  t he  seed search i f  the peak was 
i d e n t i f i e d  from the seed l i b r a r y  o r  to r e s u l t s  of the NBS search i f  it was 
not i d e n t i f i e d  from the seed l i b r a r y .  The column t i t l e d  "L ibrary  Choice" 
ind icates t h e  f i n a l  choice o f  ACORN f o r  the unknown peak. 
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~ entries which were identified from the seed library. Entries with library 
PURITY and FIT values near,the threshold limits were checked by visually
comparing the search results to the actual spectrum from the sample. 

RRT values were checked by superimposing a hardcopy of the sample's
reconstructed ion current (RIC) profile over a "master RIC" which was marked 
with the precise RRT of every seed library entry. The superimposition of 
RICs proved to be a very useful and reliable technique. It was a simple 
matter to line up commonly occurring major peaks and then compare each sample 

- peak with its corresponding seed entry peak on the master RIC. In most cases, 
the sample peak was exactly superimposed on its corresponding reference peak.
Examples o f  a "test RIC" and a "master RIG" are shown in Figure 4. The RRT 
test within ACORN itself precluded the possibility o f  more than minor differ
ences between sample and reference RRT. However, the program occasionally
erred if two or more compounds with identical or very similar spectra were 
located within a retention window which was narrower than the window of the 
RRT test ( 2  15 s) in ACORN. Manual comparison to the master RIC as described 
above was usually effective in resolving these difficult cases. It was possi
ble for an experienced operator to manually review a datafile containing 60 
to 80 peaks in about an hour. 

F. Application o f  the Identification Method to FY82 NHATS Data'Set 

The data set utilized for this study consisted of composited human ' 

adipose tissue specimens prepared from the NHATS repository which were orig
inally analyzed as part o f  a broad scan study. The composite samples were 
originally analyzed by HRGC/MS for volatiles and semivolatile target com
pounds during the period from April 1984 to July 1984 (Stanley 1986b, 

Stan1ey 1986~). 


The composites consisted o f  46 volatiles, 44 semivolatiles from the 
6% Florisil cleanup fraction, and 46 semivolatiles from the 15/50% Florisil 
cleanup fraction. Within each o f  these categories, there were 12, 17, and 27 
samples in the 0-14, 15-44, and 45+ age groups for the volatile and 15/50%
Florisit semivolatile datafiles, and 12, 15, and 17 samples in the 0-14, 15-44, 
and 45+ age groups for the 6% Florisil semivolatile datafile. 

Each data set was treated separately throughout the peak identifi
cation procedure. Separate seed libraries were maintained for each group of 
samples. The volatile data set was analyzed entirely before proceeding to 
the semivolatile samples. Semivolatile samples were analyzed in order of age 
group; <.e., the 0-14 yr samples for both 6% and 15/50% samples were analyzed
prior to the 15-44 yr samples, and the 45+ samples were analyzed last. It 
has been observed that the number o f  extractable components in adipose tissue 
is dependent upon the age of the individual from which the sample was taken. 
The analysis sequence described above was used so that analysis could proceed
from samples with relatively few unknown peaks to samples with large numbers 
o f  unknown peaks. Examples of the differences between samples from various 
age groups from the volatile, 6%, and 15/50% Florisil semivolatile composites-
are shown in Figures 5 through 7, respectively, 

13 




2519d4. 

- . . . 

Figure 4. Example of the manual review o f  RRT values using a ”Master RIC.” 
‘In this example, the upper RIC i s  the master and the lower RIC i s  being

reviewed. If a peak i s  observed in the test RIC which is not on the . 
master RIC, its location and seed entry number are recorded OR the 
master in case i t  is observed i n  the future. 
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Figure 5. Reconstructed ion chromatogram (RIC) of volatile composites 
f rom the 0-14, 15-44, and 45+ age groups from the 

South A t l a n t i c  (SA) census division. 
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Figure 6. Reconstructed ion chromatogram ( R I C )  o f  6% Florisil 
semivolatile composites for the 0-14, 15-44, and 45+ age groups

from the New England {NE) census diwision. 
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Figure 7. Reconstructed ion chromatogram (RIC) o f  15/50% Florisil . 

semivolatile composites f o r  the 0-14, 15-44, and 45+ age groups 
from the West North Central (WN) census d i v i s i o n .  
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I V .  RESULTS 

App l i ca t i on  o f  t h e  peak i d e n t i f i c a t i o n  procedure t o  the FY82 compos
i t e s  as described above resu l ted  i n  the fo l l ow ing  tab les o f  resul ts .  Twelve 
tab les  (Tables 1 through 12) are provided i n  t h i s  repo r t  which l i s t  a l l  NBS 
i d e n t i f i e d  compounds from the three composite data sets as w e l l  as in format ion 
regarding peaks s t i l l  un iden t i f i ed .  An add i t i ona l  s i x  tab les (Tables A - l  t o  
A - 6 )  are provided i n  Appendix A (Volume 11) t o  t h i s  repor t  which include more 
d e t a i l e d  informat ion regarding the incidence o f  occurrence o f  peaks i n  the 
three data sets. 

Tables 1through 3 present the compounds i d e n t i f i e d  v i a  comparison 
‘ t o  NBS reference spectra f o r  t he  v o l a t i l e ,  6% F l o r i s i l  semivolat i le,  and 
15/50% F l o r i s i l  semivo la t i l e  samples, respect ively.  Each t a b l e  consists o f  
t he  fo l lowing in format ion i n  columnar form. The f i r s t  column shows an index 
number, which i s  simply a sequential numbering o f  t h e  compounds l i s t e d  i n  the 
table.  The index number i s  n o t  r e l a t e d  t o  any other  numbering order i n  pre
vious reports. The Compound Class column ind icates the  chemical c lass t o  
which a compound belongs. Chemical c lass designations were determined by 
manual inspect ion o f  the compound names. The Compound Name, Formula, and 
CAS No. columns a re  der ived from t h e  NBS l i b r a r y  res ident  on the Incos data 
system. I n  most cases, t h e  names are unal tered from the name i n  the NBS li; 
brary.  I n  some cases, however, the peak i d e n t i f i c a t i o n  procedure was unable 
t o  accurately spec i f y  a p o s i t i o n a l  isomer, and the p o s i t i o n a l  p o r t i o n  o f  the 
NBS name was e i t h e r  removed o r  placed i n  parentheses. For compounds w i t h  
pos i t i ona t  designations i n  parentheses, the corresponding CAS number r e f e r s  
t o  the given isomer. The remaining columns show the  frequency o f  occurrence 
o f  the l i s t e d  compounds w i th in  the three tested age groups: 0-14, 15-44, and 
45+ yr. 

Tables 4 through 6 show the  same informat ion as Tables 1 through 3,  
w i t h  the exception t h a t  frequency o f  occurrence data are arranged according 
t o  census region [North Central (NC); Northeast (NE), South (S), and West (W)]. 
In format ion regarding age groups i s  no t  given- The three tab les represent 
data f o r  t he  v o l a t i l e ,  6%, and 15/50% F l o r i s i l  f ract ions,  respect ively.  

Tables 7 through 9 show the frequency o f  occurrence data f o r  peaks 
which ACORN was unable t o  i d e n t i f y  f r o m  the NBS l i b r a r y .  As w i th  t h e  previous 
sets o f  tables, Tables 7 through 9 represent data compiled from the v o l a t i l e ,  
6%, and 15/50% F l o r i s i l  f r ac t i ons ,  respect ively.  The l i s t  o f  en t r i es  i s  
sor ted by descending frequency o f  occurrence. Occurrence data are a lso l i s t e d  
f o r  each census region. 

Tables 10 through 12 represent the degree t o  which the unknown peaks 
i n  the FY82 data were i d e n t i f i e d ,  and thus may be considered ”peak inventories’’ 
f o r  the analyzed data. The tab les l i s t  the number o f  peaks selected f o r  analy
s i s  f o r  each o f  t he  composites i n  t h i s  study, the number o f  peaks i d e n t i f i e d  
by ACORN from comparison t o  the  NBS l i b r a r y ,  the number of peaks which remain 
un iden t i f i ed ,  and the number of.compounds i d e n t i f i e d  and quant i tated i n  the 
t a r g e t  compound search p rev ious l y  reported (Stanley 1986b, Stanley 1986~) .  
This informat ion provides a general guide fo r  the amount o f  work which re 
mains t o  be done f o r  complete character izat ion o f  the composite samples. 



C7.Hl4.0 

. 
!-able 1. Compounds Tentatively Identified in the V o l a t i l e  Organic Analysis

Data S e t  vs, Frecjuency/Age Group 
NU*Ol

10 

carporrndNWIE(e)' 
. , 

oJw=d
fomule(b) 

cznpand blAl hEachWGmp
CAS No. {c] 2EE?!!%0.14 15-44 45* 

1s. 
1 

Internal Standard 
C a b nDixide 

Brotnochloropropane- Internal Slandard 
carbondioxide c.02 

46 12 17 17 
124-38-9 45 12 17 16 

2 Akum 2-Methyl-butane c5.ttl2 7 a 7 ~  18 6 6 6 
3 
4 
5 
6 
7 
8 
9 

UnidentifiedC5.Hl0 [Qctophtane] 
C3 Substituted cyctopropane Qropykydopropene) 
C3 Substituled qcfopopane Ipmpykydopropane] 
2,3-hmethylhexane 
1.2-Diethykydobutane 
Alkane 2 C10 [Oecane] 
C10 Alkane [2-MevlyEno~ne] 

C5.HiO 
c6.w 2 
c6.Hl2 
C8.Hf8 
CB.Ht6 
CtO.H22
c1o.w 

287-92.3 7 3 3 1 
2415-72-7 13 2 7 4 
2415-18? 22 3 8 11 

584-94-1 31 6 14 11 
61141-83-1 3 2 1 0 

124-?&5 16 4 4 6 
an-83-0 9 2 3 4 

2,2,3,3-TetrarnelhyEhexane C 1 0 "  13475-81-5 10 1 2 7 
11 S a L  e l h e  ;r C11[2-MethyIdec&] CI1.H24 6975-98-0 6 1 5 0 
12 Alkyl sukstitutedhexaneIPentyl+ohexanel Ctl.H22. 4292-92-6 1 0 0 1 
13 2.2-DimeIhyyMecane ' *  4 c12m 17302-37-3 13 4 4 5 
14 C13 Afkane [3,3-Dimethyl-Wecane] C13.H28 17312-65-1 1 0 0 1 
15 ~lktn6[6-Ethyl-2-methyCdecime] C13.H28 62108-21-8 8 5 3 3 
16 Arkark [26.7-Trimethyl-j 03.H28 62108-25-2 21 3- 7 n 
17 Alkane 2 C11 [~[l-Methylpropyt)-nonane] C19U28 62185-54-0 1 0 0 1 
18 C13 Alkane [2.2.7-Trimthytdie] C13.Hze 62237-99-4 I O  2 4 4 
19 3,3,8-%ime1hyLdecane 03.H28 62338-16-3 1 0 0 t 
20 Alkane [&Methyl-tride&e] G14.WO 13287-21-3 4 I 1 2 
2l Alkene C5Alkane I1-Pentene) CSHl0 109-67-1 4 1 0 3 
22 1Sfexene %HI2 592-41-6 15 - 7 5 3 
23 UnidenlifedC6.Hl2 [l-Hexene) G6.Hl2 59241-6 24 6 9 9 

' 25 
26 

1,Wcfadiene a . V l 4  
1.3.6-Oclalriene cAH12' 

3710-41-6 
22038-69-3 

4 
10 

3 
3 

t 
1 

o 
6 

27 Unidentified CB.Hl2 [3.Ethylidenel-methylcyckpenlene)' CB.Hl2 ' 62338-00-5 1 0 0 1 
28 l-Nonane c9.Hl8 124-114 8 2 4 2 
29 3-Ethyl-2-methy dl ,Ihexadiene G9.Hl6 61142-36-7 4 4  12 17 15 

ClO.Hl6 464-17-5 4 4  10 17 17 

24 3-Methytl .o-heptadiene C8" 1603-M-6 1 0 0 4 

30 C10 Ringedalkene ~l,7.7-lnm~~l-bi~c~o[2.2.l]hept-2-ene] 

31 1-MethyM(i-methylethenyl)-cy&hexene . . ClO.Hl6 5989-54-8 1 1 0 0 

32 7-(1-MethyielhvGdene}-t~~[4.1
.O]heplane ClOH16 53282-47-6 1 0 0 1 
33 C11 Alkene[l-Undeoene] ' . c 1 1 . m  821- 9 w  0 3 5 0 
34 C11 Alkene 11-bhsnyl-2~,enyI~cydopopane) GlIM " 22822-99-7 2 0 0 2 
35 lsornerof Undecen-3-yne [li-undec-3-yne] Cl3Hl8 74744-31-3 17 4 4 9 

. 3 7  
38 
39 

Arene C2 Alhyl benzene (1.2-Oirne+yCbwuene] mH10 ' 
C2 Alkyl benzene [I .2-Oiinethyi-benzeneJ CB.H!O . 
C3 Alkyl benzene {1.2.&Tri~thyl-benzene] C9.Hl2 

95474 
95-47-6 
95635 

41 
16 
2 

9 
2 
0 

16 
7 
t 

16 
7 
t 

40 
41 
42 
43 
44  
45 

C3 Alkyl benzene 11-MethylethyFbenzene] C9.Hl2 
Prow1-benzene c9.Hj2
C3 Alkyl benzene [?-Melhyl-2-elhy! benzene] c9.H12 
korner d telramahyl benzene [1,~3,4-TeBamelhyl-~zens)clo.Hl4 
l-MethyI-3.(1 -methytethyC) benzene ClO.Hl4 
Naphthalene clo.H8 

9882-8 
10365-1 
611-14-3 
488-23-3 
53177-3 
91-20-3 

1 
6 
3 
1 
2 
1 

0 
0 
0 
0 
0 
0 

1 
5 
2 
1 
1 
1 

0 
3 
1 
0 
1 
0 

46 1-Elhylpropyi-benzene Cll.Hl6 1196-58-3 1 0 1 0 
. - 47 3-Melhyl-1-butanol CsH120 123-51-3 29 7 ?2 10 

48 l-HaxE&tlol C6.Hl4.0 111-27-3 1 0 1 0 
d9 
50 
51 
52 

lsornerofethyl h e x i d  [ 3 - ~ ~ - 1 - h e ~ ~ m o l ]  C7H16,O 
2-Ethyl-1-Hexand c8H18.0 
b m e r  of octanol [I-0ctanoIJ C8.Hl8.0 
Isomer of octanol(1-Octanoij Q.Ht 0.0.'. 

1323t-81-7 
104-767 
11147-5 
1 1 1 ~ - 5  

3 
7 

12 
29 

1 
t 
4 
9 

1 
4 
4 
n 

1 
2 
4 
9 

53 Unidentif i Cf3.HB.0 [l-Tr?ecanoI] . C13.li2B.O 112-7@9 1 0 0 1 
54 UnsatrrraGdAlcohol isomer ot 0cteri-d f3-Octerk2-ofl mni6.0 57648-55-2 2 0 1 1 
55 @mer of.0cten-d [3-0ctei1-2-ofJ CB.Hl6.0 ., 57648-55-2 15 3 5 7 
56 Aliphatic Aldehyde UnidentifiiCS.HIO.0[ P e w 4  C5.HlO.O 11862-3 46 f2 t 7  17 

36 komer of Undecen-3-yne [Wndec-3-yne] C l l M 8 '  74744-33-3 31 8 12 11 

57 UnidentiiedC6.Hl20 [Hexmar) 66-251 45 12 17 16 
58 C7 Aldehyde veptana C6.M20 111-71-7 46 12 17 17 
59 Nocerel C9.Hl8.0 124-196 46 12 17 l? 
60.  	 kana l  cto.Hg.0 112-31-2 43  11 17 15 
61 Unsahuated Aldehyde 2-haehyCpropenaI cd.HG.0 78853 1 1 0 0 
62 ISOW01HWMI [2 -~em19  C6.HlO.O . 6728-26-3 2l S 1 9 
63 isomer of Hexenal[2-Hexenau C6.Ht0.0 6728-26-3 32  10 12 10 
64 C7 &sat aldehyde p-Heplenal] C7.H120., 18829-55-5 46 12 17 17 
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65 C7 Unsat aldehyde12-Heptenafl 
' 	 66 2.dHepladienal 

67 Z4-bWhal 
68 L s a m ~of decenal[2-D~Mi] 

, 69 ,,WWOf decSnal[2--Decenal]
70 U W  atdet~~de[2--Dmal)' 
71 Umt afdehyde [ 2 - 0 m 4
72 Uwat.aldehyde [2-Oecen4]
73 Dienegldehyde[2,4-kdienalj
74 Dienealdehyde[Z4:Decadien;d] . 

. 	75 Diene.&ehyde [2,CDod&en4
76 Aliphatic Ketone C7 Kekme [2-Heplanone]
77 4-Hephnone
78 UniifsntifiedC7.Hl2.0 [2.2,3-lnmelhylcyclobutanone] 

Table 1 (concluded) 
Qnpand
Fomula (b) 

C7H120 
C7.Hl0.0 
C9.Hl4.0 
C1OH18.0 
CIO:Ht8.0 
clOH18.0 
C1OHt8.O 
ClOH18.0 
CiOH16.0 
clO.Hl6.0 

QneMd
CAS No. (c) 

57266-86-1 23 8 6 9 
43t3-03-5 32 6 11 15 
6750-03-4 29 io n 8 
3913-81-3 1 1 0 0 
3913-81-3 25 5 to 10 
3913-81;3 20 9 a 8 
3913-81-3 29 9 12 8 
3913-81-3 45 12 17 16 

25152-84-5 1 1 0 0 
. 25152-84-5 15 6 4 5 

cl2H20.0 21662-16-8 26 6 10 10 
C7.Hlb,O. . 110430 36 9 13 14 
C7.Hl4.0 123-19-3 35 10 12 13 

84 

85 Aliphatic Ether Dimebqmeulane

86 .Aliphatic Ester Propanbicacid,ethyl ester 

87 C5 Meihyi ester (Butanoicacid, methyl ester]. 

88 Propenoic add. propyl sster 

89 PentarrtiK;add.methyl ester 

90 C7 Methyl ester[Hexanoicaad, methyiester] 

91 .$Methyl bu!anoie acid, ethyl &ter 

92 Pqmnoic acid, butyl ester 

93 ,2-Methyl propanoic acid,1-methylethylester . 

94 Acetic add,pentyl aster 
95 2-Iilehyl butanoic'acid,ethyl ester 
96 m'Ethy1BSWmanoicad,ehyi ester] . . 
97 Aceticad,hexyl ester 
98 CE Ester (3-Methyl b u W c  add, pmpyl ester] , 

99 C8 Ester [Butanoicacid, l-Me!hylpm~l~ester] 

C7.Hl20 1449-49-6 7 1 5 1 
79 c8Ketone [30ctanone] C&Hl&O 106-68-3 1 0 0 1 
80 $at kern8p-Demone] ClO.H20.0 693-56-9 1 1 0 0 
m Unsalura$d Ketone tsm'-ofWensne [$octen-2ine] C8.H14:0 1669-44-9 9 0 5 4 
82 C8 Ketoqe [3Octen-14$ . ~ 8 . ~ 1 4 : ~  1669-44-9 37 n 13 13 
83 3.5-0ctadien-2-one . . ~ 1 2 0  . 30086-02-3 8 3 3 2 -

C9 Unsd ketonePNonSn-2-w) C9.Hi6.0 ,.14309-57-0 25 10 6 9 
C3.H8,92 109-87-5 1 0 0 1 
cs.Hl0.02 10537.3 29 4 12 13 
CS.Hl0.02 62342-7 3 ? 0 2 
C6.Hl2.02 106-36-5 7 0 3 4 
C6.Hl2.02 624-24-8 1 0 0 1 
C7.Hl4.02 W70-7 42 11 17 14 
C7.Hl4.02 1'08-64-5 16 4 5 7 
C7.Hl4.02 
C7.Hl4.02 

59091-2 
I17-50-5 

2 
4 

0 
0 

0 
3 

2 
t 

C7.Hl4.02 6 2 a 6 ~  3 1 1 1 
C7.Ul4.02 7452-79-1 5 0 2 3 
a.HI6-02 123664 12 4 2 6 
cBHl6-02 14292-7 16 5 5 6 
cB.Hl6.02 . 557-00-6 7 1 3 3 
C8.Hl6.02 819-97-6 1 0 1 0 
cBH16.02 81497-6 4 0 3 1 
c9.Hl8.02 111-11 6  27 11 9 7 
.49.Hl8.02 2311-46-8 1 0 1 0 
C9.Hl8.02 540-181 17 6 9 2 

100 @,Esterputanoic acid,1;MethypupyI ester]
10l Ocpniic acid. methyl ester 
102 H@.&okadd. 1mehylethyiester 
103 Suwkic acid. pentylester 
104 Hexanoicacid, 2-methylpropyl ester 
105 Wade acid, ethyl esier 
106 %lO.Ester[2-Methyl-pmpanokacid. hexyl ester]
107 Gll Eder [Hexanoicacid, p6nples~er]
108 Cll Ester [dMethyl penlarioic add. pentyl ester1 
109 Cll Ester [Heranoicadd.2-Methylbutylester1 
110 Isomer d octanoic acid [3-~~thyl-butyleslerj 
111 Unsaturated Ester 3-0ciei-t-14 acelate 
112 Habglbon C5Smmoalkane (1-Bromopentane)
113 $Bromo-Penlane 
114 &omiqtted alkane 2 C? [l-Bromgheptane]
115 Oichbnhiane [l.ddichlogbuianej
116 2-8romo-2-chloro-1,l,trifluoro-elhane 
117 Isomer of ethyi.phend [4-�thyCphen09
118 Unidentified C9.Hl4.0 f2-PenIyCfuran]
119 Dimethyl.disuIfide - .  
120 Dimethyl trisullide' 
121 Decamekyfqdopentas~ioxm 

. , C10.H20.02 105-79-3 1 0 0 1 
~C10.cw.02 106-32-1 36 10 14 12 

. ClO.WO2 2349-07-7 12 3 3 6 
Cll.H22.02 54007-8 24 8 9 7 
a 1.H22.02 2541.5-71-8 6 1 2 3 
C11.H2242 ' 260t-13-0 4 1 3 0 
C13.HZ6.02 2035-99-6 24 7 9 8 
CiO.Hl8.02 69668-83-3 1 1 0 0 
cs.Hl1.BR 11&sa2 3 2 0 1 
csM11.BR 1809-10-5 3 1 1 1 
C7.HlS.BR 62904-9 2 1 1 0 
Cd.H8.CL2 110-56-5 2 0 ? 1 
C2.HCL.BRF3 151-67-7
CaHlao 123-07-9 

f6 
6 

3 
4 

7 
0 

6 
2 

C9Ht4.0 3777-69-3 29 n 9 9 
C2H6.S2 626-92-0 
c2H6.s3 3658-80-8 

?; 4 
0 

12 
0 

11 
2 

-ClO.tt3O0.~.S~ 541-026 28, 4 11 13 

(e) 	Tentative compundidentificationis based on searchvs. UyN Emassspec!d tikaly. Confumationhasnot been achieved by comparing
telent'mwith anauthenk standard. In cases where more than one referencecompoundsuccessfu~matched Ute unknomspectrum. 
a generaldescriptivenameis repottedandthe best ranked N8Sm e  k provided in bydmts. 
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-	 Table 2. Compounds Tentat ively Ident , i f ied  i n  the 6% Floris i l  Semivolatile Organic
Analysis Data Set vs. Frequency/Age Group 

h W  h=h%lsGmp. manpoundaaSs (a1 Fomule@) ASNumber(e) senpbs 0-14 15-44 4 S +  hWnl 

IS hternal Smdard D10-Anthracene 44  12 15 17 3 
1 Nkane 2 . 6 . 1 0 . 1 4 - T e ~ a m e h y l e  C20.H42 638-36-8 24 6 5 13 0 
2 2.6.10.14-Tetramethyl-nonadecane C23.H48 55224-80-6 8 0 4 4 0 
.3 Alkane 2 G18 ~26.10.14,l~Pentamelhyleicosane~ C25.H52 52268-60-5 4 0 0 4 0 

. 4 Saturated Ketone 1.2,4-Cyclopeniattiane C5.M.03 15849-14-6 1 1 0 0 0 
5 Saturaled Ester 12-Melhyl-tridecanoicacid. methyl esler h5M30.02 5m-58-8 4 2 i i o 
6 Nonanednic add. bs(l-mehylpropy1)ester C17M2.04 57983-36-5 1 0 0 1 0 
7 9-Octadecemicacid, ehyl ester . C20.H38.02 111-626 29 9 9 n o 
8 Sulfide Methyl 2-methyl-l-frnethylthio)butyldisulfide C7.Hl6.q 69078-03-7 6 .. 1 0 5 0 
9 Dimethyl trisulfide . C2H6.S 3658-80-8 1 0 0 I 0 
10 Dipeptide Glydna. anhydride Ca.H0.03.N2 4202-74-8 3 3 0 0 0 
I1 Alkene C5 Substiuled napWalene C15.H24 17334-55-3 6 1 0 5 0 

[Octahydro-tetramerhyyl;lH-cycloprcpantA]naphth;lrenel 
12 H e x a h y d r o - 4 . 7 d i ~ ~ y ~ l - ( l - m e t h y l e l h y l ~ h ~ ~ l e ~ ~ . .C15.H24 483-76-1 t o o 1 0 
13 5-�!hylidene-l~nelhylcyJoheptene., ClOJfI6 ; 15402-94-5 34 8 i0  16 0 
14 C30Unsat hydrocartan @mnwhyl-tetacosahexawe] C30.HSO 1i4-02-4 I 0 t o o 
f5 ~rsneene C15.H24 14912-44-8 2 0 0 2 D 
16 Unsaturated Aldehyde 2-Butyl-2-octenal cl2w.o 13019-16-4 4 2 0. . 2 0 
17 Unidentified C9.W.O [CyclDoctatetraene-l-tarbox~~hy~~C9.9.HB.O 30844-12-3 1 0 . 0 1 0 
18 Unsaturated Amine N.N-Dimethyl3octen-2-arnine C1O.Ml.U ,55956-31-5 1 0 1 0 0 
19 Unsaturated Kelone 6,1ODimelhyl-5,9-undeien-2-o~ C13.H22.0 379670-1 1 0 1 0 0 

. 20 Arene C4 4kyI benzene~f-Ethyl-2,3-diielhytbenzene] ClO.Hl4 933-98-2 1 0 . 0 1 0. 
n 2-Ethyl-1,Sdimethylbenzene C10.Hl4 2870-64-4 '10 2 3 5 0 
22 (2Aikyf benzene [4-EWyl-1,2-dimethyCbenzeneJ C1O.H14 9344-80-5 6 0 ' 1 5 ' 0 
23 C4Alkyl benzene!Diethyl benzene] . C10.Hl4 , ; 25340-l?-4 6 1 2 3 0 
24 C4 Alkyl benzene [Met~yl-methylethyl)-be~eneJ ClO.Ht4 .25155;15*1 7 1 2 4 0 
25 Qcbhe~benzene C12.ffl6 827-52-1 3 I t 1 0 
26 C3 Alkyl benzene [1,3,5-Ttirnethyl-b&1zene] c9.Hl2 108-67-8 3 2 0 1 0 
27 c4Alkyl benzene Il-E!hyl-2,3-dimethylbenzene] ClO.Hl4 933-98.2 . 1 0 0 1 . 0 
28 C5 Alkyl benzene (l-Elt\yt4-(l-msthylaihyi)-benzaneJ CTlH16 ' '  4218-48-8 - 1  0 0 1 0 
29 C3 Alkyl benzene 11-EthyMmethyl-benzene] CSH12 620-16-4 . 6 1 1 4 0 
30 	 . . C3 Alkyl benzene[I-Ethyl-Z-melhy~benzenel C9.HI 2 611-14-3 8 2 0 6 0 
31 C3Alkyl benzene.ll,3,5-Trirnethytbenzene C9.Hl2 108-67-8 3 1 0 2 0 
32 C3 Alkylbenzene(13.5-Trimethyl-benzene G9.HI2 108-67-8 5 1 1 3 0 
33 C4 Alkyl benzene [l-E~yf-2.4-dkneihyl-benzene] . C10.Hl4 874-41-9 - 10 1 2 7 0 
34 2-Mefhytnaphthalene &ll.H10 91-57-6 1 0 0 1 0 
35 Unidentified C10.Hl2 /2.3-Dlhydr~-l-methyl-lH-Indene] ClO.Hl2 767-58-8 1 0 1 ' 0 0 
36 Unid. C15.H24 [Hexahydro-Ietramethyl-benrocyclohepenel C15.H24 1461-03-6 1 0 0 1 0 

. 37 Unsat C4 alkyl benzene [4-Ethenyf-1.2dimethyi-behzene] C10.Hl2 27831-13-6 5 1 1 3 0 
38 2-Prbpenyl-benzene C9.WO 300-57-2 3 1 0 2 0 
39 AromaricAldehyde 8eWekyde C7H6.0 100-52-7 It 11 0 0 0 
40 4-Pentyi-benzaldehyde C12.Hl6.0 6853.57-2 1 0 7 0 0 
41 Aromatic Ketone Unienlified C9.HE.0 [2,30ihydro-lH-lnden-l-one] CSH8.0 83-33-0 3 0 0 0 
42 1-Phenykthame C8.HB.O 98-86-2.. 2 0 1 1 0 
43 Phend 2.6-Bis(1.1 -dime1hylethyf)-4-methyl-~e~ol C75.H24.0 128-37-0 8 0 3 5 0 
4 4  [I .1'-8iphenyl]-2-01 C12.HlO.O 90-43-7 2 0 0 2 0 
45 2.2'-Methylenebis~G-(1,l-dimelhylethyl)J-methyl-phenof C23.tU2.02 119-47-1 2 0 0 2 0 
46 Aromaiic Ester Benzenepmpznoic add. ethyl ester ' Cll.Hl4.02 2021-28-5 3 0 2 I 0 
47 ArornaticEther 1.1 '-Oxytis-benzene Ct2H10.0 101-84-8 33 4 13 16 0 
48 1-Methoxy-4-(1-propeny!)-benzene C10.Hl2.0 104-46-1 1 1 0 0 0 
49 AromaucAmime C2 Akyl beruenamine~3.55imerhyCbenzenamm) CB.Hl1.N 108-69-0 7 0 0 7 0 
50 AmrnaticOxime 4-Methyl benzaldehyde.oxime CB.Hg.0.N 3717-15-5 39 io $3 16 o 
51 ThiocyanicEsier Thwanic add. phenyl ester C7.HS.N.S 5285-87-0 3 0 1 2 0 

. 52 HelerocydrcCompound 2,3,5-Trimethyl-lH-pyrrole C7.Ht l.N 2199-41-9 ll 8 0 3 0 
53 Unidenlified C8.HT.N. [l H-Indole] (3.H7.N 120-72-9 4 0 1 3 0 
54 Unidentified C8.H7.N pndolnine] Ca.H?.N 274-40-0 3 0 I 2 0 
55 Z-(Methyfthio)k3nzorhiazole ~ CB.H7.N.S2 615-22-5 1 0 0 t 0 
56 5-(2-Propenyl)-1,3-Benzodioxole c1o.m0.02 94-59-7 1 0 0 1 0 
57 1.4-0oxaspiro[4.6]undec-7-ene C9.Hl4.02 7140-60-5 ' 1 0 . O .  1 0 
58 2.4-Dihydro-2,5-dimethyl-3H-py~azol-3-one C5.H8.O.N2 ' 2749-59-9 3 3 0 0 0 
59 5,5-Diethyl-2,4.imi~olidinedone C7.Hl202.M 5455-34-5 1 0 .  0 1 0 
60 Steroid (5.Alpha)-cholest-3-ene C2?.H46 28338-69-4 9 0 2 7 0 
E' (3.Beta.)- Cholest-5-en-Solacetate C29.H48.02 604-35-3 1 0 1 0 0 
62 Cholesi-5-en-J-oI-(3.beta.)-, propanoal6 C30.H50.02 633-31-8 1 . 1 0 0 0 

. 63 Cholest-Sen-3-one ~27.~44.0 601:54-7 3 0 2 1 0 
64 Chdest-lene C27.H46 570-74-1 TO 2 4 4 0 
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Table.2 (cancluded) 
lnAD he=wPGmp

$ a h - aan carpound(e) Fomule [b) AS Number(c) SenPleJ 0.14 15-44 45, hBkh 

65 (S.Alpha)~oiest-79n9one CZ?.H44.0 15459-85-5 1 0 1 0 0 
66 cholesta-3,5-dien-70ne c27.Ho2.0 567-72-6 1 0 1 0 0 
6 7  1(3.Beta.)cholestal,6-6-dien3-dbenzoate C3LH48.02 25405-34-1 3 0 2 1 0 

. 68 chdeslerol C27.tl46.0 57-a8-s 3 o 1 2 o 
69 lspmeroicholestend W e s t e n M  pmpionate] c30.H50.02 633-31-8 40 9 IS t6 0 . 
70 Preg~ne.(5.dpha)- c21.H36 641-85- 4 1 0 3 0 
71 (3.8e\a)-26,27-dino(ergosE5.en-3-olbenzoate ~33 .~4a .02  58003-48-8 I o 1 0 0 
72 ChlorinatedHydmarbon 1.l-OiioW-prOpene C3.H4.m 563-50-6 1 0 f 0 0 
73 (4Chlorophenyl)phenyI-methanone C13.rn.O.CL 134-85-0 1 0 1 0 0 
74 2-Chloro-6-methytbenronitnle CB.HG.N.CL 6575-09-3 1 1 0 0 0 
75 DichlorobenzeneQ,3-&hlmhrnne] ~ 6 . n 4 . a ~  541-73-1 13 3 1 9 0 
76 ' Lhrdane C6.H6.CL6 58189-9 6 2 0 4 0 .  
77 DDD C ~ ~ . H I R C L ~  72-54-0 12 4 3 5 0 
78 OrganeSiticon SsmeroidegmethyWopentasentafaoxane ClO.mO.05.Si5 541-02-6 28 4 7 17 0 
79 Oaarnethykyclowrasilcjlane CB.HZ4.04.SB 556-67-2 Zl 7 3 tl 0 
80 J s c i n e r o f ~ ~ ~ ~ x a n e  ClO.W.05.SI5 541-02-6 1 0 0 t 0 
81 P M h a W  Diheptyl phthalate C22.HS.04 3648-21-3 1 0 0 1 0 

[a) 	 Tentativecompound identificationis based on bearch us.the NBS masss p e d  libray.Confinnationhas nol been achieved b,comparing 
retenrionwihan authenticsWard. Incas~swhere more thanom refersncacompound succdub matchedthe unknownspectrum. 
a generalitscriprivename is reportedand the best rankedNBSname isprovided in bfackek. 

{b) Incaseswhere bath a general name and an N6S name is mprIed. theh u l armespndstoIhe NBSnameand may not be applicableto he generat name. 

. (c) Incases where both a general namearidan NBS nmeb reported.the CASno. aorresponQ tothe WBSname. 
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Table 3. Compounds Tentat ive ly  I d e n t i f i e d  i n  the 15/50% Florisil Semivolatile Organic 
Analysis Qata Set vs. Frequency/Age Group 

NmberdOccum 
hAl headt&Gmp

l rdarcbnpcdaim ccnparnd(e) Fwmrk(b1 CASnumber(c} sarpbs 0-14 15-44 I S +  hsla 

LS. Internal Standard . DlO-Anthracene - Internal Standard C14.010 46 12 17 17 4 
1 -Alkane Unidentified C10.H20 [Diethyl cycbhexane] C10.H20 1331-43-7 2 0 0 2 . 3 
2 Sahrrated Ester 1,7,7-Trime~yl-bicy~o(2~2l]heptan-2-d.B)(0 propmoate- C13.IQ202 2756-56-1 1 0 0 1 0 
3 Dodecanoicacid, ethylester ci4.ma02 106-33-2 4 0 0 4 0 
4 tlemedidcacid.mono(2~thyihe~)ester Cl4.H26.04 4337-65-9, 1 0 0 1 1 
5 Akyl ester ~lS-MelhyI-heptadecanoale] C20.H40.02 57274-46-1 1 3 1 4 8 0 
6 Saturated Potyfunctiorial EthyIhydrazcm6pophkMyde C5.Hl2.M 7422-92-6 1 1 0 0 0 
7 9--oXo-nonanobacid,ethyl Bster Cll.tm.03 3433-16-7 2 0 0 2 0 
8 Alkene l-Methyl-S(l -melhyfelhenyl)q~xene C10.Hl6 49943-6 4 1 2 1 0 
9 Unsaturated Aldehyde TrimelhyC3-cydohexenelcarboxaldehyde ClO.Hl6.0 40702-26-9 3 0 2 1 0 
10 2-Buty1-2-qclenal c12mo 13019-16-4 28 10 9 9 0 

dinern UnsaiwaedKetone 3-htethyl-3-8utenn-2one, G.HB.02 54789-11-6 2 2 0 0 0 
i 2  2.4.6-Cydohephtriene-l-ofle C7.M.O 53BBo.0 2 2 0 0 0 
13 5-0ndecen-4one Cll.HX).O 56312-55-1 3 1 0 2 0 
14 5-Ethyl-2-methfl4-heplene-3.ofle C10.Hl8.0 49833-96-7 2 1 0 1 0 
15 Unsaturated Polyfunlional Substituted cyctopenlenone18utyl-methorycycbpenten-lone] C10.Hl6.02 53690-92-9 3 1 0 2 1 
,16 %ktituted cyclopentenone[Butyl-melhoxycycbpenle~klone] ClO.Hl6.02 53690-92-9 4 1 0 3 1 
17 Substiluted cyclopentenone (8utyl-methoxy.cycbpenlen-~one] ClO.Hl6.02 53690-92-9 23 6 4 13 3 
.I8 2-Me1hoxy2-octendone C9.Hl6.02 24985-48-6 2 2 0 0 0 
19 5,5-Dimeihyl-3-heptyne c9.Hl6 23097-98-5 1 1 0 0 0 
20 C3-AlkyI benzene 11.3,5trirn~Cbenzenel C9.M2 91636 8 4 1 3 0 
2l ~3 Alkyl benzene [i.z4-~~methyCbemenejykm~~j CSiH12 95-63-6 5 3 1 1 0 
22 -, C3-Alkylbenzene fl.2.4-trimethyl-benzenej . C9" 10867-8 l t 0 0 0 
23 C3 Alkyl henzehe [l-Ethyl-3-methyLbenzene] c9.iil2 620-14-4 2 0 0 2 0 
24 Unidentified C1lHlO 11-Ethylidene-indene] . CllHtO '24 71-83-2 2 0 1 1 0 
25 Aromatic Aldehyde Benzaktehyde C7H6.0 100-52-7 8 5 1 2 0 
26 Unidentified C1O.HJO.O [.Alpha91hylidene-bzefl~~~~~dehydelClO.HlO.0 44'11-89-6 4 2 1 1 0 
27 Unidentified ClO.Hl0.0 I.Alpha-eihylidene-benzeneacetaldehyde]ClO.tf10.0 4411-89-6 2 0 5 7 8 0 
28 Aromatic ketone I-Phenylathanone C8.HB.O 98-86-2 4 0 2 2 1 
29 Aromatic Amide N-Meihyl-1-naphhaleneca~amk% Q2Hll.ON 3400-33-7 1 0 0 1 0 
30 Aromatic Carboxylate Benzenepropanoic acid, beta...betadmethyl Cll.Hl4.02 1010-48-6 t o t o 0 
3l 2-~acetyIaniiio~benzbicadidmethylester ClOH11.03.N 2719-60-2 2 1 0 1 0 
32 Benzenepropanoicacid, ethyl ester C11.Hl4.02 1010-48-6 S I 4 0 0 
33 . .  Benzenepropanokadd C9.H¶0.02 501-52-0 1 1 0 3 0 4 14 0 
34 Phthalic k i d  Derivative Butyldecyl phthabie C22. H34.04 69-19-0 
35 komer of diheptyl phthalate C22.H34.04 3646-21-3 2 1 1 0 0 
36 kmer 01 dihepvl phlhalate C22.H34.04 3648-2t -3  3 1 2 0 0 
37  Butyl '@.thatate, ester with butyl giycolate C18H24.06 85-701 6 2 1 3 2 
38 Unidentified phthalete 3 0 1 2 0 
39 phend Methylphenol [i-Methyt-phenol] C7.l&.0 95-48-7 5 0 0 5 0 
40  11,T-Bipheq.+2oI C12.HlO.O 9013-7 1 8 3 6 9 0 

, .. 
. 41 2-Naphthalenol CIO.H8.0 135-19-3 1 0 0 1 0 

42 Aromatic Polyfunctional 1.3.Dime~-tenzene CB.Hl0.02 151-10-0 2 1 0 1 0 
43 l-Phenyl-1,2-butanediol cio.ni4.02 22607-13-2 2 1 0 1 0 
4 4  2~6thoxy-benzaldehyde C9.HlO.02 613-694 4 2 1 1 0 
45 UnidentiliedC7.HS.O.N.S [Thiocyanicacid. 4hydroxyphenyl ester C7.M.O.N.S 3774-52-5 1 1 0 0 0 
46 Orug m- C16H14.O.NZ 72-44-6 4 0 4 0 0 
47  Unidentified barbiturate fSEthvl-1.3dimelhvl pvrimidinelrionel CB.H12.03.N2 7391-61-9' 1 0 0 1 0 
48 Alkyl substituted rnrimidi'netrioh (Mephobakifl e C13.Hl4.03.G 11538-8 3 2 1 0 0 

e.m.w 76-74-4 1 9 5 8 6 0 
50 Alkyl subsfiuled pyrimidinetione fPhenobarbital] C12.H12.03.N2 50-06-6 5 3 1 1 0 
51 
52  
53 
54 
55 

HetemcydiCompound 

AIkvt substituted wrimidinetrione Mtharbitall 
AIkj.1 substituted &irnidineLione bethahitafl 
i;7-Naphlhyridine
Isomer of dimelhyl-pipetidine [1.4-Dimethyl-pipendine] 
3-Pyridinewboxaldehvde.xaIdehyde. oxime 

C9.H14.03.N2 
C9.H14.03.N2 
CB.H6N2 
C7.HlS.N 
C6.H6.O.N2 

50-11-3 
50-119 

253-69-0 
695-15-8 

51892-16-1 

1 
3 
3 
n 
1 

0 
1 
0 
9 

0 

0 
1 
2 
2 

5 4 

1 
1 
1 
0 

1 

0 
0 
0 
0 
1 

56 
57 
58 
59 
F? 

4-4.ridinewboxaldehyde
Unidentified C8.H7.N [Indokine) 
C2 Alkyl pyrazine [2,6-Dimethyl pyrizine]
Z-Methoxy.3-malhyCpyratine
12-Benzisohiazole 

C6.HS.O.N 
C%.H?.N 
C6.M.NZ 
C6.H8.O.N2 
C7.HS.N.S 

872815 
274-40-8 

10&50-9 
2882-2t-5 
272-16-2 

1 
2 
3 
7 
4 

1 
0 
3 
3 
0 

0 
0 
0 
1 
0 

0 
2 
0 
3 
4 

0 
0 
0 
0 
0 

61 
62  

UnidentifiedC7.Hll .N.S [ 2-Melhyl-4-pro~I-thiazole~
Alkyl &azote [4-Ethyl-Sme~hyl-thiarole] 

C7Hll.N.S 
C6H9.N.S 

41981-63-9 
52414-91-2 

8 
5 

0 
3 

0 
0 

8 
2 

1 
1 

63 4-Propyl-thiazo)e C6.Hg.N.S 41981-60-6 3 2 Q l O 

49 Alkyl substituled Wrimidmetrione [Pentobarbital] ~ 1 1 . ~ 1  
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Table 3 (concluded) 
NudordOexvnwar 
hAl heechAgeGnxp

Marcarpand a m  conpand(0) Fomule(b) CAS number(c) SerPleJ 0.14 15-44 4S+ h m 

64 1 , 3 - w i x O l s  C7.M.02 . 274-09-9 2 o 0 2 o 

CllH16.02 17092-92-1 6 0 2 4 0 
67 
68 

~Butylimino)-2{5H)~branone
2t i - l -Be~ran-20ne  

Ca.Hl1.02N 
c9.M.02 

27396-39-0 
91-64-5 

3 
1 

a 
0 

2 
0 

i o 
1 0 

69 
70 
n 
72 
73 
74 
75 
76 
77 
78 

Steroid 

1,3.S-T1i1mttyl-lH - m b  
komw of K i E - [ l - ( S T h i i ~ o n e ]  
1-(l-Hydrory-5-thienyI)-ethanone
2,3,4-trimelhyt thiophene
2-Methyl-5-propyi-Vliphene
2-t.Butoxy-thiophene 
Isomer of chdesl-en-d[Cholest-5-en-3ol,eta!e]
h e r  of chdest-en-d [CholesI-~ot,acme]
Cholest-5-en-3sb(3.be&.)-. propanoate
Cholest-S-en3-one 

C6.HIO.N2 
C6.HS.O.S 
cxH6.02.s 
OH1O S  
Cali12s 
C8.Hl2.0.S 
c29.H48.02 
c29.ti4a.02 
c3o.H!50.02 
C27.tl44.0 

1072-91-9 
1468-83-3 
5556-16-1 
1795-04-6 

33933-73-2 
23290-55-3 

604-35-3 
604-353 
60435-3 
601-54-7 

t 
7 
3 
5 
4 
4 
37 
2s  
45 
44 

o 
4 
2 
0 
2 
3 
12 
6 
12 
11 

a 
o 
1 
2 
2 
0 
1 4  
7 
17 
17 

I t 
3 a 
d 0 
3 0 
0 0 
t 0 
11 1 
12 0 
16 . 2 
16 2 

79 ~lest-5-ene C27.H46 57~74-I 30 s n 14 o 
C28.Fld8.0 62014-96-4 5 0 4 1 0 

65 4.FDimethyl-3(W)-benzofuranone ClO.Hl0.02 20895-45-8 4 1 0 3 0 
66 Unid. CllH16.02 ~ e ~ ~ ~ l r i m e t h y I - 2 ( 4 ~ ~ 0 ~ ~ ~ ~  

80 h w of cholest-ens1 [ 4 - ~ ~ y l ~ o r e S t - 8 ( 1 4 ~ ~ ~ ~ ~ ]
8 t - Cholesta-3.5dien-7.~ne C27H42.Q 567-72-6 22. 8 6 8 1 
82 Cholesta4,WenSoI @.Befa). 8enzoate C3LH40.02 63341-8 45 12 17 16 2 
83 ~ ~ t a - 5 , 7 - d i e ~ 3 - o L(3.beta.f C27.kM4.0 434-16-2 3 0 0 3 0 
84 komerofchdestand[cholestarwll C27.lU0.0 80-97-7 23 S 10 8 0 
85 Mmhylcholestan-34,(3.heta.5.alpha,6.beta)- C28.HW.O 43217-65-8 15 3 4 8 0 
86 S(Acetoxy)cholestan-6-one.(3.bta,5.alpha.j- C29.Hb8.03 1256-83-3 3 1 2 0 0 
87 ChDlestane3,ldid. (3.beta.5.alpha.)- c21.wa.02 3347-60-2 2 1 0 1 0 
88 cholestand C27.fk8.0 80-97-7 4 0 0 b 0 
89 chotesteroi C27.H46.0 57-88-5 44 12 l? 15 t 
90 Halogenated Hydrocarbon l C h l o r o d ( M e h y ~ u l f o n ~ ~ ~ n z ~ e  C?.H7.02.S.CL 98-57-7 1 0 0 1 0 
91 komer of fluoro&ethyl-benzene (1-Fluaro-2-methyl-benze1m] CIH7.F 95-52-3 10 2 3 5 1 
92 Carbon#hloridothiok acid. Smethyl ester GLH3.O.S.CL 2812-72-8 5 4 1 0 0 
93 l.l-Dichloro-ethene C2 H2.W 75-35-4 1 1 0 0 0 
94 4Chloro-2-(pheriybnet~l~~enol c13.Hlt 0.U 12u32-1 4 1 0 3 0 
95 olgam-si 1-8utynyl-lrimethyf silane C7.Hl4.SI 62108-37-6 7 4 2 ? 0 
96 Trimelhyl[[l -m~hyl-2-pro~nyl)oxyyjsilane C7.Hl4.OSI 17869-76-0 5 2 t 2 0 ~ 

(a) 	 TentAtive compound identificationk b e d  on search y5. the NBSmass  spectral tihary. Conlkmationhas notbeen achieved by comparing
retentionwith an euhenkstandard In caseswheremore than onereierence ampoundsuefesslulty rnatdredIheunknownspedn#n. 
ageneraldsscriptive nameis repaled and the besl rankedNBs name isprovided in hckels. 

(b) h caseswheFe bottr ageneralm e  andan NBS m e  is reponed. the ionnulacorrespondso the NBS name and may not be appiicable to hageneralrame 

IC)h cases wherebohagenemlm e  andan NBSname is repted. heCASno. cOneSpORdsb the N8Sname, 
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Table 4. Compounds Tentatively Identified i n  the Volatile Organic Analysis 
.Data Set.vs. Frequency/Census Region 

Total MrmberdOaamms 
hdexcoripapldclasr conpapld (0) OnPMa

Fornula(b) 
OmpMd

CASNo.(c) 
Nu*d 
ocummes 

hrnRsebn 
NC K S W 

LS Internal Standard 
1 CabnDioxide 

Brmochloropopane- hrrtmalStandard 
CTbon dioxide c.02 124-38-0 

46 
45  

12 9 19 6 
I f 9  1 9 6  

2 A n w w  
3 
4 
5 
6 
7 
8 
9 
10 
n 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 A k I - e  
22 
23 
24 
25 

2-Methyl-butane
Unidentified C5 HI0 [cydopentane]
C3 Substituiedcyclopropane [proplccyd~pane] 
C3 Subswutedcyclopropane pro~lcydopmpam]
2,3-Dimethyl-hexane
1,2-DiethyCcydobutane 
Afkane 2 Cl0 [Oecanej
C10 Alkane p.Methyl-m~ne] 
2.2.3.3-Tetrarnethylhexane 
!hi d h e z  Cll(2-Methyl-deCaoej
Alkylsubstituted hexane (Psntyl-cydohexane] 
2.2-Dimethyldecane
C13Alkane p.SDirneIhyl-undecane) 
Alkane [GE1hyi-2-me(hyMecanej
Alkane [2,6,7-lrimethyMecane] 
Alkane 2 Cl1[5-(1-Methylprop~)-nonane]
C13 Alkane [2.2,7-TrimehyI-decane~
3.3.8-Trimethyl-decane
Alkane 16-Methyl-tridecaneJ
C5 h e 11-Pentene]
1HaxW 
Unidentified C6.Hl2 11-Hexene]
3-Methyl-1&heptadiene 
1.6-0cladiene 

CS.Hl2 
C5MO 
a H 1 2  
a.Hl2 
CB.Hl8 
cB.Hl6 
ClO.H22 
ClO.H22 
c10.m 
Cll.H24 
Cl1.W 
c12H26 
C13.H28 
C13.H28 
C13.H28 
C13.W 
C13.H28 
ClBH28 
C14.H30 
CS.Ht0 
G.Hl2 

C8.H14 
C8.Hl4 

~ 6 . ~ 2  

70-784 
287-923 

2415-72-7 
2415-72-7 

584-84-1 
61141-83-1 

124-10-5 
b7-t-8M 

13475814 
6975-98-0 
4292-92-6 
17302-37-3 
17312-65.1 
62108-21-8 
62108-25-2 
62785-544 
62237-99-4 
62338-163 
13287-21-3 

109-67-1 
592-416 
592416 

1603-01-6 
3710-41-6 

18 
7 
13 
22 
31 
3 
16 
9 
10 
6 
I 

13 
1 
8 
n 
1 

10 
1 '  
4 
4 
15 

4 
4 

24 

4 5 6 3 
1 1  4 t 
5 1 7 0 
6 5 I f 0  
8 7 1 3 3  
0 0  3 0 
7 2 7 0 
4 3 0 2 
2 4 3 t 
2 0 4 0 
0 0 0 1 
6 1 5 1 
1 0  0 0 
1 3  2 2 
4 3 13 1 '  
1 0 0 0  
4 0 6 0 
1 0 0 0 
3 0  1 0 
0 0 4 0 
4 2 5 4 

2 0 1 1 
2 1 0 1 

7 5 n i 

26 
27 
28 

1,3,6-0ctalriene 
Unidenbfied C8H1Z [~Ethylidene-l-methylcycropenlene]
1-lonene 

C8.Ht 2 
C8.Hl2 
09.Hl8 

22038-69-3 
62338-00-5 

124-11-8 

10 
1 
8 

4 3 1 2 
0 0 0 1 
2 2 4 0 

29 
30 
31 
32 
33 -
34 
35 
36 

. 37 Amne 
38 . 39 
40 
41 
42 
43 
44 
45 
46 
47 Aliphatic Akohd 
48 

3-Ethyt-2-rnethyl-l.3-hexadiene
C10 Rtnged alkane [1,7.7-TRmelhyWcyd0[2 2 ljhepl-2-ene]
1-Methyl4-(1-methylelheyr)-cycEohexene
7-(1-MethyIeihvedene)-bicjclo[4.1.0jheplane
Ctt Alkene[l-UndemeJ
C11 Alkene(t-EthenyC2-haxeny~cydopopane] 
tsomer of Undecen3yne [5-Underi3-yne] 
Isomer ofUndecen3yne FUh3-ynel 
C2Alkyl benzene [1.2-Dimelhyl-bentene]
C2 Alkyl benzene (1,2-@methydbentenej
C3 Alkyl benzene ~1,2,4-lriinethyl-benzeneJ
C3Alkyl benzene [l-haethybbyl-benzene] 
RopyCbenzene 
C3 Alkyl benzene [I -Methyl-2-ethylbenzene] 
tsomer of tetrameihyl benzene [1.~3,4-Tetramethyl-bneJ
l-Methy!d-(l -melhyleVlyl-)benzene 
WaphWene
1-EhylpropyCbemene
3-Methyl4-butanol 
1 - b a d  

CQ-Hl6 
C10.Hl6 
ClO.Hl6 
Ci0.H16 
Cll.H22 
CllM 
CllHlS 
NlH18 

CaH10 

C9.M 2 
C9.Hl2 
Q.Hl2 
ClO.Hl4 
C10.Hl4 
c10.H8 
CllH16 
Cs"20 
C6.Hl4.0 

am 
a . m 2  

61142-36-7 
464-176 

5989-54-8 
53282-47-6 

621-9-
22822-99-7 
74741.31-3 
74744-31-3 

9547.6 
9547-6 
95-63-6 
8882-8 

IW-651 
611-14-3 
408-23-3 
535-77-3 

1196-58-3 
123-51-3 
113-27-3 

9 1 - m -

44.  
44  
1 
1 
8 
2 
17 
31 
41 
16 
2 
1 
8 
3 
1 
2 
1 
1 

29 
1 

10 9 19 6 
11 8 19 6 
1 0 0 0 
0 0 0 1 
I O 4 3 
0 0  1 1 
6 2 6 3 
8 7 1 2 4  
12 9 17 3 
6 % 7 0 
0 0 2 0 
1 0 0 0 
2 0 6 0 
1 0 2 0 
0 0 t o 
2 0 0 0 
0 0 t o 
1 0 0 0 
3 5 1 0 3  
1 0 0 0 

49 
50 
51 
52 
53 
54 Unsaturated Alcohol 
55 
56 Ali*atic Aldehyde 
57 
58 
59 

isomer of ethyl hexand[3Mefhyl-l-hexanol]
2-EthyI-t-Hexanol 
lsDmerofocCanol[t-Octanol]
Isomer of odand [l-0clanOlj
Unidentified C13 H28.0 [l-Tridecanol]
Isomerof Octen-d p-Oden-2-09
h e r  01 Oclen-ol [3-0den-2-4
Unidenlilied C5.Hl0.0 [Pentan4
UnidentifedC6H120[Hexanal]
C7Aldehyde [Heptanaq
Ebnaral 

C7.Hl6.0 
CRH18.0 

CB.Hl8.O 
C13.H28.0 
CBH16.0 
CB.Hl6.0 
c5.Hlo.o 
c6.Hl20 
C7.Hl4.0 
C9.W 8.0 

cewao 
13231-81-7 

104-76-7 
131-87-5 
111-87-5 
1l2-?&9 

57648-55-2 

110-62-3 
W25-1 

111-71-7 
124-146 

57648-55-2 

3 
7 
12 
29 
1 
2 
15 
46 
45 
46 
46 

0 1 * 1  1 
3 1 2 1 
3 ;  7 1 
6 8 1 0 5  
1 0 0 0 
0 0 2 0 
7 2 5 1 
12 9 19 6 
12 9 18 6 
12 9 19 6 
12 9 19 6 

60 
61 Unsaturated Aldehyde
62 
63 

Dganal 
2-Methy i-propenal
fsomeroftiexenal ( . ? . H e x 4
Isomerof HexenalIZ-HeXenafl 

C10.H20.0 
iXH6.9 
&HI 0.0 
a.mao 

f 12-31-2 
78853 

6728-26-3 
6728-26-3 

4 3  
1 
21 
32 

l l 9  1 8 5  
0 0 ' 1 0  
3 5 1 0 3  
6 9 1 3 4  

64 
65 
66 
67 

C7 Unsat aldehyde [2-HepmaIl
C7 Unsat aldehyde[2-Heplenal)
2.4-Hepiastenal
2.4-Nomdenal 

C7Jit20 
C7H120 
C7.HlO.O 
C9.Hl4.0 

18829-55-5 

4313-03-5 
6750-034 

sm6-a6-1 
46 
23 
32 
29 

12 9 19 6 
7 4 8 4 
9 8 1 2 3  
7 9 1 0 3  
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Table 4 (concluded) 

CarPMdNam (e) 

68 lsomerol decenal[24eaMal]
69 merof decenal[24ece4 
70 . Unsel aldehyde[2-Deam4n Una. aldehydep-DecenaIJ
72 Umt eldehyde[2-0ecenaI]
73 Dienealdehyde [2,44ecadienal]
74 Dienealdehyde [2,49&w
75 Dimaldehyde#4-[)odecadienalJ
76 AliphaticKetone C7 kbne [24eptaronel
77 4-Heptamne
78 ~ d e f l l h dC7.Hl2.0 [ 2 , 2 3 - T f i m e l h y i q d o b ~ e ]
79 CB Ketone [34ctanone)
80 Sat ketone[26egnone)
B1 Unsarurated Ketone Isomer of Octen-one [ W c h 2 s n e ]
a2 C8Ketone [3-often-i-anel 
83 3,5-0&den-2+ne 
84 C3Unsat ketone [W40nen-P.ane]
85 AfiphakEther DimethDxymethwe 

66 AAphaticEster Prcpandc acid,e!hyl ester 

87 C5 Methyl ester Butanoic acid, melhyl ate4 

86 Propanoicadd,prowlester 
89 Pentamicadd, methyl ester 
90 C7Methyl ester Wanoicaad, methyr a@r]
91 &Methyl bytanoic add.ethyl ester 
92 Pmpanoicacid,butyl ester 
93 2-Mechylpropanoic ecid. 1-methylethylester 
94 Aceticacid, peny esler 
95 2-Mehyi butanoic acid, emyl ester 
96 CB Ethyl estec @exanoicacid,ethyl ester) 
97 Aceric add. hevlester 
98 C8 Ester @Methyl butanoicacid, propylester]
99 C8 Ester putvlaic add. l-Methylprop/l estefl 
100 C8Ester putanoic acid. 1-MethylpropyIesterJ 
1M Oclanoicacid. memy1ester 
102 Hexanoicadd. l-methylethylester 
103 Butmoicacid, penlylester 
104 Hexanoicaud. Pmethylprowl ester 
105 Octanoicacid, ethyl ester 
106 CiO Esler p-MethyCpropsnoicacid, hexylester]
107 C11 Estw [Hexanoic add. pentylester]
108 C11 Ester [4-WhyIpentanoicacid,penlyl esler]
109 C11 Esrer (HexandKaadd.BMehyWyl ester]
110 Isomer of octanoic acid p-Melhyl-butylester)
111 Umaturaled Ester 3.0clen-i+l. acetate 
112 i h b d m f l  CSBromoalkane[1grOmopentanef
113 3-BremoPenme 
114 Brommaled aU(ane2 C7 [l-Bro~no-hepene]
115 Diibrokftane [1.4-dichbrobulaneJ
116 2-Bromo-2chbro-1.1.ttifluoro-ethane 
117 pheml lsomer of ethyl-@end[4-Ethyl-phena~
118 Hete- Unidentified C9.Hl4.0 p-Penryl-furan] 
119 Sulfide Dim'@ disulfide 
120 Dimethyl trisulfide 
m 0fganosiEcon Decamethylq~ntas~oxane 

lotd MnbsrdOcamnwa 
Qrpand anpMd Midmtd h w w
rornufa @) CAS No. (c) Occunsrress. W E  s w  
CfO.Hl8-0 3913-81-3 1 0 0 1 0  
ClO.Hl8.0 3913-81-3 25 6 6 7 4 
c1awa.o 3913-81-3 28 4 4 1 4 6  
ClO.Hl8.0 3913-81-3 29 6 7 1 2 4  
ClAH18.O 3913-81-3 45 12 9 18 6 
ClAH16.0 25152-84-5 1 0 0 0 1 
C1O.Hl6.0 25152-84-5 15 1 4 6 4 
c 1 2 m . o  21662-16-8 26 8 5 9 2 
C7.Hl4.0 11WM 36 10 6 15 5 * 
C7H14.0 123-194 35 1 2 8  t i 4  
C7M20 1449-49-6 7 2 2 2 1 '  
c8Hi6.0
claH2o.o 

106-683 
693-54-9 

1 
t 

1 0 
1 0 

0 0 
0 0 

U1.Hl4.0 1669-44-9 9 1 2 6 0 
C8.H14.0 1669-44-9 3 7  11 6 13 5 
CatiI20 30086-02-3 8 2 0 6 0 
09Hl6.0 14309-574 25 5 7 9 4 
tX.Ha.02 109-87-5 1 0 1 0 0 
C5.HlO.02 10537-3 29 n 4 1 2 2  
c5.Ht0.02 62342-7 3 1 0 1 1 
iXH1202 106-36-5 7 4 0 2 . 1  
C6.Hl202 62424% 1 1 0 0 0  
C7.Hl4.02 106-70-7 42 10 8 18 6 
~7.~14.02 108-64-5 16 1 0 0  5 1 
~7.~14.02 59O41-2 2 1 0 t o 
C7.Hl4.02 617-50-5 4 2 0 2 0 
~7.~14.02 62843-7 3 1 t 1 0 
C7.Hl4.02 7452-79-1 5 2 0 3 0 
cB.Hl6.02 123-66-0 12 3 3  4 2 
cBH16.02 142-92-7 16 4 1 9 2 
Ce~16.02 557-00-6 7 4 0 3 0 
W16.02 
C3.Hl6.02 

819-97-6 
819-976 

1 
4 

1 0 
2 0 

0 , 0  
2 0 

c9H180 2  111-116 27 7 6 8 4 -
C9.Hl8.02 2311-46-8 1 0 0 t o 
C9H18.02 54Q181 17 4 3 7 3 
CI0,HZo.~
CtO.rn.02 

105-79-3 
1632-1 

t 
36 

0 0 
1 2 8  

1 0 
i t 5  

~10.H20.02 2349-07-7 12 5 2 4 1 
Cll.tmO2 540.074 24 5 7 1 0 2  
Cll . m 0 2  25415-71-8 6 3 0 2 1 
Ct 1.le202 2601-13-0 4 3 0 T O 
C13.tl26.02 2035-99-6 24 6 4 9 5  
ClOJi16.02 time-83-3 1 1 0 0 0 
C5.Hll.BR 11063-2 3 1 0 1 1  
c5.Hll.BR 1809-10-5 3 1 0 0 2 
C7.Hl5BR 629-04-9 : 2  1 0 1 0 
C4.HB.CL2 51~56-5 . 2  1 0 f 0 
C2.H.CLBR.F3 151-67-7 16 7 1 5 3  
Wn0.0  12307.9 6 1 1 3 1 
C9.Hl4.0 3777-69-3 29 6 8 9 4 
C2.H6.!2 624-920 27 n i 1 3 2  
C2.M.S3 3658-80-8 2 2 0 0 0 
c10m.05.s15 541.026 28 7 2 1 4 5  

fa) 	 Tentahaannpoondidentiticat& is besedon searcha.IheNE3mass speclrallibrary. Confirmatonhasnot beenachieved by comparing
retenlionwithan authentic standard tncaseswhere more than onereferenceccunpound successfully matdwdthe unknowns p ~ W ~ m .  
a general desaiptive namis reportedand the best ranked NBSnameisprovidedin brackets. 

(b) h caseswhere bOh8generalnameadan N8Sname 6 reported, hefonnutaarrresponds0 Ute NBSname and may notbeapplicabletoIhegeneralnune. 

(c) hcawswherebohageneralnameandan NBSname IS repanedb C A S  no. ccnespondsto heNBSname. 
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Table -5- Compounds Ten ta t i ve l y  I d e n t i f i e d  i n  the 6% Florisil  Semivolat i le  Organic 
Analysis Data Set vs. FrequencyKensus Region 

ToWNumbr H u m b r o l r k m l f l ~  
conrpand Compourl d-

NEhh compound^ CornpoundName(a} farnub(b} CASNumbr(c) Smnpln B t a h  NC h'T w 

IS lmemlStandad 44 3 12 9 18 5 
1 Alkane C20.H42 638-36.8 24 0 9 2 1 2 8  
2 C23.H48 55124-806 8 0 3 2 3 0 
3 C25.H52 52268-60-5 4 0 $ 1 2 0 
4 Saturated Ketone ~5.~4.03 15649-14-6 1 0 0 0 0 1 
5 Saturated Ester ClhH30.02 5129-58-8 ' .  0 1 % 1 1 
6 C17H32.04 57983-36-5 1 0 0 0 0 1 
7 MO.H38.02 111-62-6 29 0 I1 3 12 3 
8 c7.nt6.a 69078-83-7 6 0 3 1 2 0 
9 C2.HS.S3 3658-80-8 1 0 1 0 0 0 

10 Cl.HB.03.NZ 4202-14-1) 3 0 1 0 0 2 
11 Cl5.HN 17334-55-3 . 6  0 1 1 2 2 

12 ClhH24 4E3-76-1 t 0 0 1 0 0 
13 c10.ntti 14602-94.5 34 0 9 7 1 3 5  
14 C30" 111-02.4 t 0 . 1 0  0 0 
15 C15.H24 11912-44-8 2 0 0 1 0 1 
16 

. 17 
UnsaturmedAldehyde c12.Hn.o 

w.w.0 
13019-164 
30844-12-3 

4 
1 

0 
0 

0 3 
0 1 

1 0 
0 0 

18 UnsaturatedAmine C1O.HZl.N 55956-31-5 1 0 0 0 0 1 
19 UnsaturatedKetone C13H22.0 3796-70-4 1 0 0 0 0 1 
20 &ne - ~ 1 0 . ~ 1 4  93338-2 1 0 0 0 1 0 
2l ClO.Hl4 2870-04-4 10 0 2 0 8 0 
22 C10.Hl4 934-80-5 6 0 1 0 5 0 
23 ClO.Hl4 25340-17-4 6 0 1 0 5 0 
24 ClO.Ht4 25155-15-1 7 0 $ 0 6 0 
25 C12.Hl6 827-52-1 3 0 0 0 0 3 
26 C9.Hl2 108-67-8 3 0 0 0 2 1 
27 ClO.Hl4 933-98-2 1 0 0 0 1 0 
28 01.H16 4218-48-0 1 0 0 0 1 0 
29 C9"2 620-14-4 . 6 0 t o 5 0 
30 C9.Hl2 611-14-3 8 0 2 1 5 0 
31 C9.Ht2 ' 108-67-8 3 0 t o 2 0 
32 C9.Ht2 108-67-8 5 0 0 0 4 1 
33 C1O.Hl4 874.41-9 10 0 2 1 7 0 
3 4  CllHlO 9147-6 1 0 0 0 t o 
35 C10.Hl2 767-58-8 1 0 0 0 1 0 
36 ins] C15.HZ4 1461-056 t 0 0 0 I O 
37 C10.Hl2 27831-I3-6 5 0 0 0 5 0 
38 C9.H10 300-57-2 3 0 0 0 3 0 
39 
40 

Ammatic Aldehyde C7.tt6.0 
C12.Hl6.0 

10062-7 
6853-57-2 

11 
1 

0 
0 

2 3 
0 0 

4 2 
0 1 

41 Aromatic Ketone C9.HB.O 83-33-0 3 0 1 1 0 1 
42 C8.HS.O 98-86-2 2 0 0 1 0 1 
43 phend C15.H24.0 128.37.0 8 0 1 1 6 0 
44 C12.HlO.O 90-43-7 2 0 O t O t 
45 C2iH32.02 119.47-1 2 0 0 0 0 2 
46 &om& Eaer CllH14.02 2021-28-5 3 0 1 0 2 0 
47 Aromatic Ether C12.Hl0.0 1ot.m.u 33 0 8 6 1 6 3  
48 cto.mzo 104-46-1 1 0 1 0 0 0 
49 Aromatic Amine CB.Hl1.N 108-69-0 I O 4 0 1 2 
50 Aromatic Oxime C8.H9.0.!4 3717.1 5 5  39 0 12 7 16 4 
51 
52 
53 

Thiocyanic Ester 
HeterocyclicCorrpound 

C7.W.N.S 
C7.Hll.N 
C8.tV.N 

5285-87-0 
2199-41-9 
120-72-9 

3 
11 
4 

0 
0 
0 

l t 
2 3 
0 0 

1 0 
4 2 
4 0 

54 CBH7.N . 274.40-8 3 0 0 0 2 1 
?5 CE.H?.N.S2 615-2-5 1 0 O t 0 0 
56 clO.Hl0.02 94-59-7 1 0 o r 0 0 
57 C9.Hl4.W 714040-5 1 0 0 1 0 0 

. 58 C5.H8.O.N2 2749-59-9 3 0 1 0 0 2 
59 C?.H12.02.N2 5455-34-5 1 0 O t 0 0 
60 C274i46 28338-69-4 9 0 7 1  6 0 

' 6 1  C.29.H4BB.02 60435.3 1 0 0 0 1 0 
62 C30.HW.02 633-31-8 1 0 0 1 0 0 
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Table 5 (concluded) 

63 C27.Hc4.0 601567 3 '  0 :  0 0 2 1 
64 c2?.n46 570761 10 0 4 1 4 1 
65 ~ 2 7 . ~ ~ 0  154594-5 , 1 0 0 0 1 0 

67 
68 

C34.W8.02 25485-341 
C27H46.0 37-88-5 

' 3  
3 :  

0 
0 

0 
,a 

0 
1 

2 
1 .  

1 
t 

66 C27 H a 0  56712-6 . .  1 '  0 0 0 ' 1 0 

69 C30.HS0.02 63531% 4 0 0  12 9 ' 1 6  3 "  
70 c21.H36 641-85 . 4  0 0 2 1 1n C33.H48.02 58003-484 .'I 0 0 0 t o
72 CNorinaredHydroCarbom C3.HI.CL2 563586 1 0 1 0 0 0 
73 c1ws.o.a 13465-0 . . 1 0 0 0 0 1 

75 cb.H4.cl2 341-73-9 1 3 - 0 4 2 6 1 ' 
76 CS.H6CL6 58-89-9 , : 6  b 2 3 t o 
77 
78 or@anoa i  

Ct.4.HIOCL4 
c10.H30.05.si5 

72-54-8 . 12 0 
54142.6 28 0 

3 
7 

1 
5 '  

a 
12 

o 
4 

79 
BO 
81 Phthalatr 

Cg.H24.81.SU 
c1o.H3o.os.s15 
(22.H34.01 

35667-2 , . a  0 
541-02-6 . .t 0 

3648-21-3 . I . .  . 0 

' . 3 
0 
a 

5 
0 
o 

9 
O 
0 

4 
t 
1 '-

. . 

74 CaHGHCL 6573-09-3 : .- , 0 1 0 , o o 

. . . .  
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Table 6. Compounds Tentatively Identified in the 15/50% Florisil Semivolatile Organic
Analysis Data Set  vs. Frequency/Census Region 

.hdpr cwnPoundcIpss CompouniiNape(a) 
. -

Formula@) 
Qmpocnd 

CA9Nwnbtr(c) 

Tocdtbrnbor 
ol(bcvmrrr 

sunpk, B&& 

Nwn&doctwr*yH 
hErhRgion 

NC NE S W 

ts lntemalstandard D10-Anthracene - Inmmal Standad Cl4.DlO 46 4 12 9 19 6 
. l  Alkane UnidentiliedCIP.H20 [Oiihylc)tloherane] c10.mo 1331-43-7 2 3 1 0 t o 

8110prcpawe-2 SaluatedMer 1 ; 7 . 7 - T i m e ~ ~ ~ 2 . 2 . ~ ~ ~ ~ 2 ~  h3.Hz2.02 2756-56-1 ' 1 0 O t 0 0 
3 Dodecanoicecid.emyle&er C14.HzB.02 106-33-2 4 0 2 1 1 0 
4 Heraned io icac id .mono(2~~mr  Cl4.ti26.04 . (337-65-9 1 1 0 0 1 0 
5 .  ' Akyl ester 115-Methyl.heptedeqtmat~ C20.HlO.02 57274-46-1 D 0 5 0 8 0 
6 SsrurvedPolVfunnbnal E ~ h y t ~ d ' .  r ~ p ~ ~ CbHl2,NZ 7422-92-6 1 0 0 0 1 0 
7 Boxdnonamicacid, em$ esre! Cll.H20.03 3433-16-7 2 0 1 0 1 0 
8 Akene l-Methyk3-(1merhylethenyl)-cydPene C10.Hl6 4 S Q M  4 0 0 0 4 0 .  

- 9 Urnalumled Aldehyde Trimethyl-Scyclohexene-1-zAwaklShyde c1O.Hl6.O 40702-264 3 0 1 0 2 0 
10 	 2-BUlyCP-OCieWl c12.Hn.o 13019-164 28 0 7 6 1 3 2 

d i m  c5.HB.02 54789-11-6 2 0 $ 0 1 0 
) l 2  24.6-Cyclohep1airiene-I-one C7.W.O 539804 2 0 0 2 0 0 

13 5-Undecen-4-one C11.HM.O 56312-55-1 3 0 0 3 0 0 
.. 14. 5-EthyC2-methyl-4-hep1~~3~ ClO.Hf8.0 49833-66.7 2 0 0 2 0 0 

15 Unsaturated POfyfUdktMf Subsli!&d cVcbperrenone~ ~ ~ h o x y ~ b p e n f r ~ b l ~ ]  

11 Unsaturated Ketone 3-MelhyC3-Butm+2aeO 

ClO.Hl6.02 53690-924 3 1 .2 0 1 . 0  
16 Substhued cyclopen!enohe~hrcy.cycbpetterklate] C10.Hl6.02 . 53690-92-9 4 1 2 1 1 0 
17 SubdiuedcVdopenPnme'(&nyknethory-clcbpe~e~lone) C10.Hl6.02 53690-92-9 23 3 7 4 7 5 
18 2-Meihoxy2-oaen4.one .. C9.Hl6.02 24985-484 2 0 . 1 0 I 0 
19 Akpe 5,5-Diethyb3-heptyne C8.HS 23097-88-5 t 0 - 0  0 1 0 
20. 	 Arene CSRayl benzene [i,3,5!rime1tryl.benzeml C9.Ul2 9 5 6 3 6 8 0  2 1 2 3 
2l CSAtiylbekene [1.2.4-Ttimethyl.benzel ClLUl2 9 5 6 3 6 5 0  2 2 . 1 0 
2? CIAkyl benzene{12.4-thelhyI+e~eneI C9.H12 1 m 7 a  1 .  o 0 0 1 0 
23 3 3  Akyl benzene Ir-EmyC;knelh+bemenelj . C9.Hl2 620-14-4 2 0 0 0 2 0 

'.24 U r j d e m i r i e d C 1 1 . H i O [ i � t ~ ~ n e ~  C11.HlO 247143-2 2 0 1 1 0 0 
25 Aroma!icAldehy& Bemabhybe C7.M.O 100-52-7 8 0 3 0 3 2 
26 Unidemled CiOM10.0~Abha.attyiidene-be~eneacerakJehydel CiO.Hl0.0 4411-84-6 ' 4  0 1 1 1 1 

CiQHiO.0 4411-89-6 20 0 6 7 6 1 
2 8  Arorraicktone t - w h a n o n e  CB.H8.0 9846-2 4 1 0 2 2 0 
29 Aromalic Amide 
30 Ammatic Cahoxylag Derivatbe 

N - M e t h y C I - n a p h t h a l e n ~ x ~ ~
8enzeneptopamic ec& .beta.,.taadimeihy+ 

CI2.HII.O.N 
C11.kl14.02 

3490-33-7 
1010-4a-6 

I 
1 

0 
0 

0 
0 

0 
0 

t 
1 

o 
0 

31 24acely&mino)-benz0icabd.m&hyl mer CtO.Hll.03.N . 2719-60-2 2 0 I O 1 0 
32 . Benzehepropmic acid. eihyl esun hi.Hi4.02 1010-48-6 5 0 2 0 2 1 

27 Unidem#iedC 1 6 S 1 1 0 . Q [ . A p h a ~ n e - b e r u e ~ ~ ~ ~ y ~ ]  

. 	 33 BenZenepmnOkaCid C 9 . ~ 0 . 0 2  501-52-0 1 0 0 0 1 0 
34 Pkihalic Acid Derivative Bayi decyl ptuhahle C22.H34.04 #l.SO 11 4 4 3 4 0 

36 komer of &hemphihala(e CZZ.H~~.W 3618-21-3 3 0'  o o 3 o 
37 Butyl pinhalw,.esmvihbufl-@ywIa;e Cl8.H24.& 86701 6 2 . 3  0 3 0 
38 Unidemifiedphtkikte . 3 O ' O t l t 
39 Pbml Merhyiphenol [2-Me!hyl@1enolj C7H8.0 95-48-7 5 0 2 1 1 . 1  
4 0  11.l'aiphenyy-2-0l C12.Hl0.0 90-43-7 18 0 4 6 6 2 
41 l-N8phlhaleMl c1o.He.o 135-19-3 1 0 0 0 1 0 
42 Ammatic Pclylunclional i.3.Dmethoxy.bemene C8.H10.02 151-100 2 0 O f 1 0 
43 1.Phenyc1,2-bIJlanedii ClO.Hl4.02 22607-13-2 2 0 0 2 0 0 
44 2-Edwxy-benzaldehyde C9.Hl0.02 613694 . 4 0 0 2 1 1 
4 5  UnidemikdC?.H!i.O.N.S ~hmfyvlic 

35 IuunerofdiheprllphtWs C22H34.04 3648-21-3 2 0 0 0 2 0 

acid,ehydrcxyphen$ested C7.HS.O.N.S 3774-52-5 1 0 0 0 0 1 

47 Unideniird barbiturate~5-Eth~ i .3~ t~pyr imidwi r ione]  CB.H12.03.N2 7391-61-9 1 0 0 1 0 0 
48 Alkylsubstitutedpytimiinilm6 *Sal) C13.H14.03.N2 1 1 W  3 0 0 1 2 0 
49 
50 
51 
52 

Alkyls&iltnad wrimidinetriom lpernobarbi 
Alkyl slrbstitmedpyrimiinelmnephenobarbbaq 
Ahyl shti1uted pyrimidimriommtha6blj 
Alkyl sibtiiuedpyrim'ditriom p&therbiq 

Cll.H18.03.N2 
c12.n12.03.~2 
C$.H14.03.N2 
C9.HM.CK1.NZ 

76-74.4 
5006.6 
50-11-3 
50-lt-3 

19 
5 
1 
3 

0 
y o  

0 
0 

6 
0 
0 
0 

6 
2 
1 
3 

6 1 
3 0 
0 0 
0 . 0  

53 HetemcydicCornpound l,?-Naphthyridine C8.HB.N2 253-69-0 3 0 2 0 1 0 
54 Isornerd dmthyl-pperidine[l.&obnettFiCpPeriaulelU+p~eri&ne] C7.Hl5.N 695-15-8 11 0 2 2 . 4  3 
55 3.Pytidinecarboxatdehyde. cdme C6.H6.O.N2 51892-16-1 10 1 4 0 4 2 
56 4 + 1 i d i m i b o x a h ~  C6.HS.O.N 87285-5 1 0 t o 0 0 
57 UnidediedC8.W.N(Isdolbinel WH7.N 214-404 2 0 0 1 1 0 
58 
59 
60 

C2 Alkyl pyazine P.&Dimahylp w i e ]  
2.Hethoxy-3-rne1hyl-pyrarine 
12-0nmkothia2ota 

C6.HB.NZ 
C6.H8.O.N2 
C7H5.NS 

10850.9 
2882-21-5 
272-16-2 

3 
7 
4 

0 
0 
0 

1 
2 
1 

2 
2 
1 

D O 
3 0 
2 0 

. 61 UnidenraimdCI.Hl1.N.S f 2-MerhyWpmpykha20b] C7.Hll.N.S 41981-63-9 8 1 3 2 2 1 
62 Akyl #mole [~-Eihy&5-me~tbiazole] C6.HO.N.S 52414-91-2 .' 5 1 1 0 3 1 
63 4-hC&lbkZOb . . C6.119.N.S 41981-60-6 3 0 1 1 t o 

46 Dng Methaquabne C16.H14.O.N2 72-41-6 4 0 0 0 4 0 



Tab1e 6 .(conel uded) 

64 274-09-9 
65 20895-45-8 
66 17092-92-1 
U t  27396-39-0 
68 91-64-5 
69 t072-91-9 
70 1468-83-3 
n 555&16-t 
72 1795444 
73 33433.752 
74 23290-55-3 
75 604.354 
75 Mlo-35-3 
77 604-35-3 
78 601-54-7 
79 570744 
80 62014-96-4 
81 567-724 
82 633-314 
83 434-16-2 
84 . 80-97-7 
BS 43217-654 
86 1256433 
a7 3347-60-2 
88 80-97-7 
89 5748.5 
90 98-57-7 
sl 95-52-3 
92 2812-72.8 
93 75-35-4 
94 126.32-! 
95 62108-37-6 
96 17869-76-0 

2 0 t t 0 0 
4 0 2 0 2 0 
6 0 3 0 2 1 
3 0 0 3 0 0 
1 0 0 1 0 0 
1 1 0 0 1 0 
7 0 2 2 2 1 
3 0 0 0 1 2 
s o 4 0 1 0 
4 0 1 0 3 0 
4 0 1 0 2 1 
37 1 9 7 16 5 .  
25 0 7 0 0 1 
45 2 1 2 9  1 9 5  
44 2 P a  1 9 5  
30 0 1 0 4  1 4 2  
s o 3 1 1 0 

22 1 5 4 1 1 2 
4s 2 12. 9 1s 5 
3 0 2 1 O D 
23 0 9 3 1 1 0 
15 0 5 3 6 ? 
3 0 0 0 '  1 2 
2 0 1 0 1 0 
4 0 1 0 2 t 

44  t 11 9 19 s 
t o I O 0 0 
10 1 3 3 3 1 
5 0 1 1 0 3 
t o 0 0 0 1 
4 0 0 - 3  1 0 
7 0 2 1 3 1 
s o 2 0 3 0 
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Table 7. Unidentified Peaks i n  the V o l a t i l e  OrganSc AnaJysis Data 
Set vs. Frequency/Census Region 
Total NomberdOccunences 

lndex Average
RRT 

Numberof InEaChREgh 
occweM#s North Central Northeast . south West 

1.S. 1.ooo 46 12 9 19 6 
1 -481 46 12 9 19 6 
2 3.216 46 12 9 19 6 
3 3.114 45 11 9 19 6 
4 2.659 44 12 9 18 5 
5 4.213 43 11 9 17 6 
6 .370 41 9 9 18 5 
7 2.398 41 11 8 18 4 
8 .405 34 11 8 12 3 
9 2.890 30 8 6 lt 5 
10 4.353 28 4 9 10 5 
I1 3.862 24 6 6 12 0 
12 .266 23 5 3 12 3 
13 
14 

3.322 
3-314 

21 10 4 5 
18 7 4 6 

2 
1 

. 

15 2.771 14 4 2 7 '1 
16 2.689 13 5 1 5 2 
17 1.997 12 2 6 3 1 
18 3.384 12 3 0 9 0 
19 3.873 12 1 2 7 2 
20 2.666 11 3 1 6 1 
21 4.390 11 2 2 4 3 
22 2.570 10 '2 1 5 2 
23 3.962 9 0 1 7 1 
24 4.1 42 9 4 0 5 0 
25 335 8 1 I 6 0 
26 2.369 8 1 2 4 1 
27 2.619 8 2 2 3 1 
28 3.364 8 1 4' 3 0 
29 3.8t2 8 2 4 1 1 
30 1.488 7 1 0 6 0 
31 2.572 7 4 0 2 1 
32 3,177 7 2 3 2 0 
33 4.159 7 1 0 4 2 
34 2.053 6 3 2 1 0 
35 
36 

4.388 
4.573 

6 t 2 3 
6 3 3 0 

0 
0 

37 -802 5 1 4 0 0 
38 1.744 5 0 2 1 2 
39 2.495 5 2 I 2 0 
40 
41 

2.867 
2.906 

5 2 2 0 
5 1 1 2 

1 ,  
1 

42 3.308 5 4 0 0 1 
43 3.501 - 5  0 0 5 0 
44 4.3t9 5 2 1 2 0 
45 -277 4 2 1 1 0 
46 -408 4 0 0 2 2 
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Index Average 
RRT 

Table 7 Ccontinued)
T&l Number0fc)cCum 

Mnnberof lnEaChWh 
ocanrences North Central Northeast south West 

47 1.719 4 1 0 2 t 
48 3.064 4 0 0 2 2 
49 3.159 4 2 0 2 0 
50 3513 4 3 1 0 0 
51 3.881 4 2 0 1 1 
52 3.908 4 0 3 1 0 
53 4.317 4 0 0 3 1 
54 -381 3 2 0 1 0 
55 1.141 3 2 0 0 1 
56 2.721 3 2 0 0 1 
57 8 3.482 3 f 0 1 1 
58 4.1 46 3 2 0 1 0 
59 .285 2 2 0 0 0 
60 -573 . 2 1 0 0 1 
61 2.141 2 2 0 0 0 
62 2.892 2 0 0 '2 0 
63 3.012 2 1 0 0 1 
64 3.551 2 0 0 I 1 
65 3.564 2 2 0 0 0 
66 3.700 2 I 0 1 0 
67 3.963 2 0 1 0 1 
68 4-113 2 0 0 2 0 
69 313 1 . l  0 0 0 
70 1.036 1 1 0 0 0 
71 151I 1 0 0 0 1 
72 1.672 1 , I  0 0 0 
73 2.020 1 0 1 0 0 
74 2.239 1 1 0 0 0 
75 2.262 1 0 0 1 a 
76 - 2.271 1 0 0 1 0 
77 2.301 1 1 a 0 0 
78 2.407 1 1 0 0 0 
79 2.671 1 0 0 0 1 
80 2.891 . 1  0 0 0 1 
81 2.907 ,1 0 1 0 0 
82 2.988 1 1 0 0 0 
83 3.073 1 0 0 1 0 
84 3.100 1 0 0 1 0 
85 3.1 75 1 0 0 1 0 
86 3.314 1 0 0 1 0 
87 3.371 1 0 0 1 0 
88 3.453 1 1 0 0 0 
89 3.461 f 1 0 0 0 
90 3.494 1 1 0 . o 0 
91 3.650 - 1 0 0 1 0 
92 3.782 1 0 1 0 0 
93 3.829 1 1 0 0 0 
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Table 7 (concluded) 
Total Eoumberoloccurrences 

lnder Average
RRT 

Numberof hEachRegbn
ckcwmas Northcentral Northeast Swth West 

94 3.975 1 0 0 1 0 
95 3.993 1 0 0 1 0 
96 4.192 1 0 1 0 0 
97 4.635 1 0 1 0 0 
98 4.8 12 1 0 1 0 0 
99 5.004 1 0 1 0 0 

\ 
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Table 8. Unidentified Peaks in t h e  6% Florisii Semivolatile Organic 

Index Average RRT 

IS .l.OOo 
1 0.924 
2 1.600 
3 0.759 
4 1.027 
5 1.a3 
6 1.117 
7 I .706 
8 1.129 
9 0.879 

10 0.702 
11 0.919 
12 ' 0.990 
13 0.838 
14 0.912 
15 1.481 
16 1.760 
17 0.985 
18 1.059 
19 0.673 

. 20 0.993 
21 0.982 
22 1.533 
23 1.063 
24 1.199 
25 1.374 
26 0.726 
27 t.741 
28 0.952 
29 1.237 
30 1.629 
31 1.586 
32 0.493 
33 1.002 
34 1.065 
35 0.839 
36 1.070 
37 1.?28 
38 OS7U 
39 0.665 
40 1.178 
41 1.280 
42 1.297 
43 0.190 
44 0.666 
45 0.310 
46 0.603 
47 1.OB2 
48 1.131 
49 1.t46 
50 0.41 1 

Analysis Data Set vs. Frequency/Census Region 
Total Number of Occurrences In Each Region Number of 

Number of Occurences in 
Occurences North Central Northeast south West Blanks 

44 12 9 18 5 3 
42 12 9 18 3 0 
42 I2 7 18 5 2 
38 10 9 17 2 0 
38 12 8 13 5 0 
35 - 9 6 16 4 0 
34 12 3 15 4 0 
34 11 5 16 2 1 
32 12 1 15 4 0 
31 10 6 14 1 0 
30 9 4 13 4 0 
30 9 7 12 2 0 '  
29 9 4 13 3 0 
28 8 4 13 3 0 
26 6 5 11 4 0 
26 9 1 14 2 2 
25 7 2 14 2 t 
24 7 5 10 2 0 
24 0 1 12 3 0 
23 6 6 8 3 0 
23 5 6 10 2 0 
22 8 3 9 2 0 
22 8 2 11 1 1 
21 6 4 .  8 3 0 
21 9 3 9 0 0 
21 6 3 11 1 1 
19 7 3 8 1 0 
19 6 3 . 9 1 0 
17 7 2 6 2 0 
17 6 1 7 3 0 
17 3 2 11 1 2 
16 6 1 9 0 1 
15 3 5 4 3 0 
15 5 2 7 1 0 
15 4 2 8 1 0 
14 3 3 7 1 0 
14 4 1 6 3 0 
14 6 t 6 1 0 
13 2 0 9 2 0 
13 6 2 5 0 0 
13 5 0 7 1 0 
13 5 1 6 1 0 
13 4 0 8 1 0 
12 3 3 4 2 0 
12 5 4 2 1 0 
It 4 2 2 3 0 
11 1 1 8 1 0 
I f  3 0 5 3 0 
11 2 3 4 2 0 
11 3 2 3 3 0 
10 3 1 3 3 0 
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Table 8 (continued) 
TotaI.Number of Number of Occurrences in Each Reg1o.n Number of

Occurences in 
Average RRT OcclJrences . , ~ ,  .,,. ' 1. North Central . Northeast ' South West BlanksIndex -

51 
0.780 10 2 7 5 2 - '  0

52 1.009 10 2 0 5 3 053 1.160 10 4 2 3 1 054 1219 10 4 2 3 1 055 4 -224 9 4 2 1 . 2 0
56 0.220 8 2. 3 1 2 057 0.670 8 0 1 ' .  6 1 0
58 0.959 8 4 1 2 1 059 1.178 . 8 2 1 4 1 060 	 . 1.197 8 0 1 5 2 061 1.626 8 3 1 4 0 062 . 1.638 8 4 0 4 0 0 
$3 0.360 7 2 0 4 1 - 064 0.674 7 1 4 2 0 065 0.897 7 1 0 6 0 066 02932 7 2 2 3 0 067 1.051 . 7 .  3 1 1 2 068 1.094 7 4 1 2 . 0 .  069 .f.427 7 t i 4 1 170 1.475 . 7 1 5 1 0 071 

1.681, 7 4 . l 1 1 072 1.773 . 7  2 2 3 0 073 0.337 . 6 I 0 4 1 '0 
74 0.662 6 

75 0.800 6 

1 2 I 2 , o  

1 1 2 2 076 1.177 . 6 4 0 2 0 077 1253 6 3 0 2 . 1  . ' 078 1,681 . 

6 4 o 279 .0.278 . 5 0
1 3t 2 

. 
' 0  080 0.472 5 ' 2  0 3 0 081 0.736 . 5 . 2 0 3 0 082 0.991 - 5  3 . o  2 0 083. 1.OS7 5 , 3  0 1 1 084 1.069 5 2 ' .  2 1 0 0-85 1.073 5 1 2 1 1 086 1.085 5 2 . 2 1 0 0 .87 1.195 . .  5 0 0 3 2 088 1.407 5 3 0 2 0 089 0.399 4 0 4 0 0 090 0,661 4 

91 0.730 . 4 31 0 2
1 .O 

1 
. 

0 
0 o 

92 0.965 4 ,o  3 1 0 293 1.068 4 - 2  0 1 1 094 . . 1.144 4 . 2 1 1 0 095 1.195 4 2 . 0 1 1 096 1.222 * 4' 1 0 . 2 1 097 1.326 4 1 I 0 2 ' 698 1.355 . 4  ;2 0 2 0 099 1.389 4 2 0 ' 2 D 0100 . 1.411 4 2 0 2 0 ' 0101 f S38 4 1 1 1 '  .1 0 
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Tabl-e 8 (continued) 
Total Number of Occurrences in Each Region Number of 

Number of Occurences in 
Index Average RRT Occurences North Central Northeast South West Blanks 

102 0.316 3 1 1 0 1 0 
103 0.608 3 1 0 1 1 0 
104 0.662 3 0 0 2 1 0 
105 0.747 3 0 2 0 1 0 
106 0.754 3 3 0 0 0 0 
107 0.855 3 0 . 0 1 2 0 
108 0.893 - 3  0 0 3 0 0 
109 0.918 3 1 0 2 0 0 
110 0.967 3 3 0 0 0 0 
111 1.019 3 1 2 0 0 0 
112 1.M5 3 0 1 2 0 0 
113 1.041 3 1 2 0 0 0 
114 1.045 3 1 0 2 0 0 
115 . 1.050 3 a 1 1 1 .  0 
116 1-055 3 2 0 1 0 0 
117 1.076 3 * 3 0 0 0 0 
118 1.lo7 '3 0 3 0 0 0 
119 1.109 3 0 0 3 0 0 
120 1.186 3 0 1 1 1 0 
121 1.244 3 0 0 3 0 0 
122 1.251 3 1 0 2 0 0 
123 1.414 3 0 1 I 1 0 
124 1.457 3 0 0 3 0 0 
125 I .585 3 0 0 3 0 0 
126' 0.325 2 . 1 0 1 0 0 
127 0.356 2 0 2 0 0 0 
128 0.787 2 0 2 0 0 0 
129 0.754 2 0 0 2 0 0 
130 0.817 2. 1 0 0 1 0 
131 0.823 2 0 2 0 0 0 
132 0.855 2 0 0 . l  1 0 
133 0.896 2 0 1 0 1 0 
134 0.898 2 a 2 0 0 0 
t35 0.905 2 0 2 0 0 0 
136 0.933 2 a 0 i 1 0 
137 0.976 2 0 0 2 0 0 
138 0.982 2 2 0 0 0 0 
139 0.985 2 0 0 1 1 0 
140 1.020 2 2 0 0 0 0 
141 1.038 2 1 0 t 0 0 
142 1.053 2 0 0 2 0 0 
143 1.a80 2 1 0 1 0 0 
144 1.106 2 0 1 0 1 0 '  
145 1.120 2 0 2 0 0 0 
146 1.124 2 1 * o  I 0 0 
147 1.143 , 2 2 0 0 0 0 
148 1.1s 2 0 0 1 1 0 
149 1.158 2 0 t 1 0 0 
150 1.179 2 0 i 0 t 0 
151 122l 2 0 0 2 0 0 
152 1.252 2 0 0 2 0 0 
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Total 
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TabJe 8 (continued) 
Numkr of Occurrences In Each Reglon .- Number of 

Number of Occurences in 
Index Average RRT Occunnces North Centrst Northeast South west Blanks 

153 1.336 2 2 0 0 0 0 
154 1.345 2 0 0 2 - 0 0 
155 1.360 2 1 1 0 - 0 0 
156 1.382 2 1 0 1 0 0 
157 1.542 2 0 0 2 0 0 
158 1.577 2 2 0 0 0 0 
159 1.589 2 0 I 1 0 0 
160 1.600 2 0 i 0 1 0 
161 1.680 2 0 0 2 0 0 
162 1.727 2 1 1 0 0 1 
163 I.731 2 1 0 1 0 0 
164 0.229 1 0 1 0 0 0 
165 0.255 t 0 1 0 0 . 0 
166 0.266 1 0 I 0 0 0 
167 0.269 t 0 0 0 1 0 
~168 0.279 1 0 0 0 1 0 .  
169 0.293 1 1 0 0 0 0 
170 0.300 1 0 1 ’ 0  0 0 
171 0.329 1 1 0 0 0 0 
172 0.357 1 0 0 0 1 0 
173 8.406 1 1 0 0 0 0 
174 0.406 1 1 0 0 0 - 0  
175 0.463 1 0 1 0 0 0 
176 0.499 1 0 0 i 0 0 
177 0.539. 1 0 0 0 1 0 
178 0.575 1 0 1 0 0 0 
179 0.672 1 0 0 1 0 0 
180 0.676 1 0 0 1 0 0 
181 0.708 1 0 0 1 0 0 
182 0.724 1 t 0 0 0 0 
183 0.732 1 1 0 0 0 0 
184 0.732 1 0 0 0 1 0 
185 0.734 1 0 I 0 0 0 
186 0.742 1 0 0 1 0 0 
187 0.743 1 0 0 1 0 0 
188 0.747 f 0 0 1 0 0 
109 0.749 1 1 0 0 0 0 
190 0.799 1 1 0 0 0 0 
191 0.829 1 0 1 0 0 0 
192 0.830 1 1 0 0 0 0 
193 0.855 1 1 0 0 0 0 
194 0.892 1 0 1 0 0 0 
19s 0.911 1 0 I 0 0 2 
196 
197 

0.9t4 
0.973 

1 
1 

1 
t 

0 
0 

0 
0 

0 ,
0 

0 
0 

198 ill11 1 I 0 0 0 0 
199 1.018 1 0 0 1 0 0 
200 1.035 1 0 0 1 0 0 
201 1.051 1 0 0 1 0 0 
20? 1.053 1 0 1 a 0 0 
203 1.060 1 0 0 1 0 0 
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Total 
Table 8 (continued)

Number of Occurrences In Each Region Number of 
Number of Occurences in 

Index Average RRT Occurences North Central Northeast South West Blanks 

204 -1.064 1 0 1 0 0 0 
205 1.075 - 1 1 0 0 0 0 
206 1.078 - 1 0 0 0 1 0 
207 1.084 1 1 0 0 0 0 
208 1.107 1 0 0 1 0 0 
209 1.117 1 0 1 0 0 0 
210 1.117 1 0 0 1 0 0 
2ll 1.118 1 0 0 1 0 0 
212 1.121 1 0 0 1 0 0 . 
213 1.122 1 0 0 1 0 0 
214 1.134 1 0 0 0 . l  0 
215 1.134 1 0 1 0 0 0 
216 1.138 1 1 0 0 0 0 
217 1.140 1 0 0 1 0 0 
218 1.140 1 0 0 1 0 0 
219 1.152 I 1 0 0 0 0 
220 1.161 1 0 1 0 '  0 0 
221 1.170 1 1 0 0 0 0 
222 1.189 1 0 0 1 0 0 
223 1.208 1 0 1 0 0 0 
224 1217 1 1 0 0 0 0 
225 1226 1 0 1 0 0 0 
226 1.262 1 0 0 1 0 0 
227 1.288 1 1 0 0 0 0 
228 1.289 1 0 0 1 0 0 
229 1.304 1 0 1 0 0 0 
230 I.348 1 0 0 1 0 0 
231 1.349 1 0 0 1 0 0 
232 
233 

1.349 
1.350 

1 
1 

1 0 0 
1 0 0 

0 
0 

0 
a 

234 1.356 1 1 0 0 0 0 
235 1.375 1 - 1  0 0 0 0 
236 1.379 1 0 0 1 0 0 
237 1.394 1 1 0 0 0 0 
238 1.407 1 0 0 1 0 0 
239 1-534 1 0 0 1 0 0 
240 1.S8 1 0 0 1 0 0 
245 1.590 1 0 1 0 0 0 
242 1.596 1 0 0 1 0 0 
243 1-624 1 1 0 0 0 0 
244 1.634 1 0 0 1 0 0 
245 1.646 I 0 0 1 0 0 
246 1.659 1 ' 0  0 1 0 0 
247 1.676 1 ' 0  1 0 0 0 
248 1.678 1 - 0 1 0 0 0 
249 1.701 1 0 0 1 0 0 
250 1.709 1 0 0 1 0 0 
251 1.718 1 0 1 0 0 1 
252 1.721 1 0 0 1 0 0 
253 1.731 1 0 0 1 0 0 
254 1.734 1 0 1 0 0 0 
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Totat Number of Occurrences In E8Ch Reglon Number of 
Number of Occurences in 

Index Average RRT Occurences North Central Northeast south West Blanks 

255 1.734 0 . l .  0 0 0 
256 1.740 0 0 1 0 0 
257 1.804 1 0 0 0 0 
258 ' 1.e89 0 0 1 0 0 

Table 8 (concluded) 
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Table 9. Unidentified Peaks i n  the ?5/50% Florisil Semivolatile 
Organic Analysis Oata,Set vs. Frequency/Census Region 

tbhrd&mnamehEuhRe@m Numberd 

W X  ?F docan- ~ ~ n Northow sanh We@ hatwics 

IS. 1.wo 46 12 9 19 6 4 
1 1.920 44 12 9 18 5 1. 
2 

. 3 
0.419 42 
.1.052 a i  

11 
12 

9 
6 

17 
10 

5 
5 

3 
0 

4 1.007 , 40 12 5 18 5 0 
5 0.452 . 3 6 %  $1 6 15 6 3 
6 1.616 38 12 6 17 3 1 
7 0.402 37 10 7 14 6 3 
8 0.633 35 9 9 13 4 0 
9 1.742 3!5 11 6 16 2 0 

t O  
11 

0.449 34 
1.569 34 

10 
to 

6 
5 

12 
16 

6 
3 

3.. 
1 

12 2.034 34 10 5 14 5 1 
13 1.692 33 11 4 16 2 0 
14 1.682 32 10 7 14 1 0 
15 1.7lO 32 11 3 16 2 0 
16 0.437 29 6 7 10 6 3 
17 0.606 29 7 6 11 5 0 
18 1.238 29 12 2 13 2 0 .  

T & l d ” b W  ocarnencss 
t d 

19 1.657 28 10 6 10 2 1 
20 1.187 28 9 3 14 2 0 
21 1.453 28 11 4 11 2 0 
22 0.839 27 10 3 12 2 0 
23 1.E65 27 10 3 13 1 0 
24 0.641 26 7 4 12 3 0 
25 1.128 26 11 0 14 1 0 
26 2059 26 9 2 13 2 0 
27 1.953 25 6 4 13 2 1 

* 	 28 1.440 25 8 3 13 1 0 
29 1.490 24 8 3 11 2 0 
30 1.722 23 8 4 9 2 0 
31 1.430 22 7 3 11 1 .o 
32 0.932 21 7 1 12 1 0 
33 1.115 21 8 0 11 2 0 
34 1.223 2l 6 3 9 3 0 
35 2009 20 6 2 10 2 t 
36 0.569 20 5 S 5 5 0 
37 1.147 20 5 0 13 2 0 
38 1.567 20 6 3 9 2 0 .  
39 1235 19 6 . 1  11 1 0 ’ 
40 1.178 18 5 3 9 1 t 
41 0.555 18 2 6 8 2 0 
42 0.990 17 7 1 9 0 0 ’  
43 1319 17 6 2 8 1 0 
44 1.629 16 5 3 7 1 2 .  
45 0.876 16 4 2 8 2 0 
46 0.680 15 3 2 7 3 0 
47 0912 15 6 0 8 1 0 
48 1-086 15 5 1 6 3 0 
49 1.089 15 6 2 6 1 0 
50 
51 

1.556 
1.980 

15
1s 

5 
4 

3 
2 

5 
8 

2 
1 

0 
0 

52 1.929 , 14 3 1 8 2 1 
53 0.982 14 6 1 7 0 0 
54 1 .Bo9 14 3 2 8 1 0 
55 1.027 13 6 0 6 1 0 
56 1210 13 5 3 4 1 0 
57 1500 13 4 3 S 1 0 
58 i.950 13 4 2 6 1 0 
59 0.586 12 4 0 7 1 1 
60 0.858 12 5 3 1 0 1 
61 1511 12 4 3 4 1 0 
62 1961 12 5 1 5 1 0 
63 2014 12 4 0 6 2 0 
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r Table 9 (continued) 
MmbsrdOccu~hEechRogIon Numberof 

Index 
Average

RRT 
TotalNunt#r 
dOccumnces UorthQntral W M  South West 

OcamsnCsJ 
h-

64 2088 12 4 2 5 1 0 
65 0.996 11 2 3 5 1 1 
66 1.027 11 2 3 5 1 1 
67 0218 11 2 3 4 2 0 
68 0.398 11 3 2 6 0 0 
69 1.4 75 11 4 3 4 0 0 
70 1.522 11 3 2 4 2 0 
71 1.542 11 3 2 5 I 0 
72 1.980 11 4 I 5 1 0 
73 0.745 10 3 f 6 0 0 
74 0.904 10 3 1 5 1 0 
75 tlC6 10 2 3 4 1 0 
76 1.359 10 3 3 4 0 0 
77 0.429 9 5 1 2 1 0 
78 0.673 9 4 2 3 0 0 
79 0.897 9 2 1 5 1 0 
80 t .548 9 3 2 3 1 0 
81 1989 9 4 0 5 0 0 
82 0.226 8 2 2 - 2 2 0 
a3 0.243 8 2 2 2 2 0 
84 0.989 8 4 0 3 1 0 
85 1.149 8 3 2 3 0 0 
86 1.39 8 4 0 3 1 0 
87 1.973 8 4 0 4 0 0 
88 2151 8 2 1 4 1 0 
89 2.I 74 8 2 1 5 0 0 
90 0.301 7 2 0 2 3 0 
91 0.392 7 2 t 3 1 0 
92 0.520 7 0 6 0 1 0 
93. 0.672 7 1 0 5 i 0 
94 1.198 7 2 0 5 0 0 
95 1.675 7 2 0 4 1 0 
96 I.a89 7 1 2 3 1 0 

~ 97 0.492 6 3 2 0 t 0 
98 0.758 6 3 1 2 0 0 

. 99 1.175 6 3 0 3 0 0 
too 1.m2 6 1 0 4 1 0 
io1 1.308 6 1 2 3 0 0 
102 1A72 6 1 0 3 2 0 
103 tm 6 3 0 3 0 0 
104 1.966 6 1 2 3 0 0 
105 2.137 6 1 1 3 1 .  0 
106 1.s3l 5 1 0 3 1 1 
107 0.374 5 I 1 2 1 0 
108 0.450 5 1 2 2 0 0 
109 0.540 5 1 0 4 0 0 . 110 0.547 5 1 f 3 0 0 
Ill 0.559 5 1 1 3 a 0 
112 0.573 5 1 0 3 1 0 
113 0.762 5 2 0 3 0 0 
114 0.918 5 3 0 2 0 0 
It5 1.062 5 0 1 3 1 0 
116 1.070 5 2 0 2 1 0 
117 1.105 5 1 2 2 0 0 
It8 1.138 5 3 0 2 0 0 
It9 1.175 5 2 3 0 0 0 

~ 7 2 0  1.288 5 0 2 2 1 . - 0 
13 1.460 5 f 1 2 I 0 
122 l.7l6 5 1 1 3 0 0 
123 1.729 5 2 1 2 0 0 
124 0.475 4 1 1 1 1 0 
125 0.507 4 0 1 3 a 0 
126 0.520 4 0 1 2 1 0 
127 0.667 4 3 0 1 0 0 
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128 0.721 4 0 0 4 0 0 
129 0-832 4 0 0 4 0 0 
130 0.936 4 1 1 1 f 0 
131 1.w 4 1 1 2 0 0 
132 1.109 4 2 1 0 1 0 
133 1.153 4 0 2 2 0 0 
134 1.173 4 2 0 2 0 0 
135 
136 

1277 
1.%b 

4 
4 

1 
0 

1 
0 

2 
4 

0 
0 

0 
0 

137 1580 4 2 1 0 1 0 
138 7927 4 2 0 1 f 0 
139 1.979 a 1 I 1 1 0 
140 2.0000 4 2 0 2 0 0 
14t 0.319 3 2 0 1 0 1 
142 0.375 3 1 1 0 1 1 
143 0.609 3 1 0 2 0 1 
144 0.307 3 ,.' 0 6 2 1 0 
145 0.346 3 1 1 1 0 0 
146 0.353 3 ., 0 0 0 3 0 
147 0.487 3 1 0 2 0 0 
148 0.727. 3 0 0 3 0 0 
149 0.739 3 * 1 1 0 1 0 
150 0.790 3 0 2 0 1 0 
151 0,821 3 0 1 2 0 0 
152 0.828 3 0 1 2 0 0 
153 
154 

lX)83 
1.119 

3 
3 

0 
1 

0 
0 

3 
2 

0 
0 

0 
0 

155 1.123 3 2 0 1 0 0 
156 1.195 3 0 0 3 0 0 
157 i,399 3 0 0 2 I 0 
158 1.404 3 1 1 1 0 0 .  
159 1.448 3 0 1 2 0 0 
160 1.538 3 1 0 2 0 0 
161 1.856 3 2 0 1 0 0 
162 1.953 3 2 0 t 0 0 
163 2.004 3 2 0 1 0 0 
164 2.091 3 1 0 2 0 0 
165 0.512 2 2 0 0 0 1 
166 0.572 2 0 0 2 0 1 
167 1.eo9 2 0 0 2 0 1 
168 1.900 2 0 0 2 0 1 
169 0.237 2 t 0 1 0 a 
170 0261 2 0 2 0 0 0 
17l 0.337 2 1 0 1 0 0 
172 0.341 2 0 2 0 0 0 
173 0.342 2 1 0 1 0 0 
174 0.382 2 0 0 1 1 0 
175 0.413 2 0 0 2 0 0 
176 0.435 2 1 0 0 1 0 
177 0.450 2 1 0 1 0 0 
178 0.489 2 0 0 2 0 0 
179 0.496 2 ' 0 0 2 0 0 
180 0.552 2 1 0 t 0 0 
l8l 0.599 2 0 2 0 0 0 
182 0.614 2 0 2 0 0 0 
183 0.677 2 0 2 0 0 0 

.la4 0.758 2 1 0 0 1 0 
185 0.791 2 1 0 t 0 0 
186 0.908 2 1 0 3 0 0 
187 0.921 2 0 0 2 0 0 
188 0.957 2 1 0 1 0 0 
189 1.059 2 1 0 t 0 0 
190 1261 2 1 0 t 0 0 
1% t.283 2 0 1 1 0 0 
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192 12% 2 0 0 2 0 0 
193 1.297 2 1 0 1 0 0 
$94 1.353 2 1 0 1 0 0 
195 1.463 2 I 1 0 0 0 
196 1.507 2 0 I 1 0 0 
197 1516 2 0 1 1 0 0 
148 1.525 2 f 1 0 0 0 
199 1.586 2 1 0 1 0 0 
x#) 1.594 2 2 0 0 0 0 
201 1.673 2 2 0 0 0 0 
202 1.866 2 0 1 t 0 0 
203 1.W 2 1 0 1 0 0 
204 2030 2 1 0 1 0 0 
205 2202 2 0 0 1 1 0 
206 0.333 1 0 t 0 0 1 
207 0.544 I 0 0 1 0 . 1 
208 0.199 1 0 0 1 0 0 
209 0.203 1 0 0 1 0 0 
2 l O  0.216 1 0 1 0 0 0 
211 0.221 1 0 1 0 0 0 
212 0.239 1 0 0 1 0 0 
213 0.240 1 0 0 1 0 0 
214 0.241 1 1 0 0 0 0 
215 6.254 1 1 0 0 0 0 
216 0.266 1 0 0 t 0 0 
217 0.268 1 .o 0 1 0 0 
218 0.283 1 0 1 0 0 0 
219 0.285 1 0 1 0 0 0 
220 0.293 1 1 0 0 0 0 
221 0.300 t 0 1 0 0 0 
222 0.327 1 1 0 0 0 0 
223 0.344 1 0 0 .  0 1 0 
224 0.352 1 0 0 1 0 0 
225 0.353 1 0 0 0 1 0 
226 0.358 1 0 0 0 1 0 
227 0.359 1 0 1 0 0 0 
228 0.362 1 0 0 0 1 0 
229 0.365 I 0 1 0 0 0 
230 0.370 I 0 1 0 0 0 
231 0.371 t 0 0 0 1 0 
232 0.372 1 0 0 1 0 0 

. 2 3 3  0.394 1 0 0 1 0 0 
234 0.405 1 0 0 1 0 0 
235 0.414 1 0 0 1 0 0 
236 0.419 1 0 1 0 0 0 
237 0.421 1 0 0 1 0 0 
238 0.422 t . 0 0 1 0 0 
239 0.45s 1 0 0 1 0 0 
240 0.463 .l 1 0 0 0 0 
241 0.465 1 0 1 .O 0 0 
242 0.504 1 0 0 0 '  1 0 
243 0.507 1 0 0 0 t 0 
244 0.510 1 0 1 0 0 0 
245 0516 1 0 0 1 0 0 
246 0.545 1 0 0 1 .  0 0 
247 0.515 f 0 0 1 0 0 
248 OS04 1 0 0 0 1 0 
249 0.652 1 0 0 1 0 0 .  
250 
251 

0.653 
0.678 

1 
1 

0 
0 

1 
a 1 

0 . 0 
0 

0 
0 

252 
i53 

0.683 
o n1 

1 
1 

0 
1 

1 .  
0 

0 
0 

0 
0 

0 
0 

254 0.744 1 0 0 0 1 0 
255 0.745 1 0 0 1 0 0 
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Table 3 (continued) -
Number of 

256 0.767 1 1 0 0 0 0 
257 0.771 1 0 0 1 0 0 
259 0.775 1 0 0 1 0 0 
259 0.779 1 0 0 1 0 0 
260 o m  1 0 a 1 0 0 
26l 0.787 1 0 0 1 0 0 
262 0.621 1 0 0 0 1 0 
263 0.915 1 0 0 1 0 0 
264 0.929 1 0 0 1 0 0 
265 0.945 1 0 0 1 0 0 
266 0.960 1 0 0 1 0 0 
267 0 . w  1 0 0 1 0 0 
268 1.Ol7 1 0 1 0 0 0 
269 1M8 1 0 0 1 0 0 
270 1.a37 1 0 0 1 0 0 
271 1.046 1 0 0 1 0 0 
272 1.In 1 1 0 0 0 0 
273 1.063 1 0 0 1 0 0 

275 1.089 1 0 0 1 0 0 
5 -

276 1.w 1 0 0 t 0 0 m 1.112 1 0 0 1 0 0 
278 1.121 1 0 0 I 0 0 
279 1.140 1 1 0 0 0 0 
280 
281 

1.174
i.im 

1 
1 

0 
0 

0 
0 

0 
1 

1 
0 

0 
0 

282 1.197 1 0 0 1 0 0 
283 1.204 1 0 .O 1 0 0 
284 
285 

1.204 
tne 

1 
1 

0 
0 

0 
0 

1 
I 

0 
0 

0 
0 

286 1.223 1 0 0 1 0 0 
287 1.226 1 0 0 t 0 0 
288 1.243 1 0 - 0  I 0 0 
289 1.248 1 0 0 1 0 0 
290 1289 1 1 0 0 0 0 
291 1291 1 '  0 0 1 0 0 
292 1.296 1 0 0 I 0 0 
2m 1.309 I 0 0 1 0 0 
294 1 3 1  1 0 0 1 0 0 
295 1335 1 0 0 1 0 0 
296 1.342 t 1 0 0 0 0 
297 1.346 1 0 0 1 0 0 
298 1.348 - 1 0 0 t 0 0 
299 1.350 1 0 0 1 0 0 
300 1.363 1 0 0 1 0 0 
301 
302 
303 

1.356 
1.377 
1.384 

1 
1 
1 

0 
0 
0 

0 
0 
0 

1 
1 
1 

0 
0 
0 

0 
0 
0 

304 1.386 1 0 0 1 0 , o  

274 1..om 1 0 0 1 0 0 

305 I390 1 0 0 1 0 0 
306 1.403 1 0 0 1 0 0 
307 1.421 1 0 1 0 0 0 
308 1.422 1 1 0 0 0 0 
309 1.427 1 0 0 f 0 0 
310 1.433 1 1 0 0 - 0 0 
311 1.435 1 1 0 0 0 0 
312 1.457 1 0 0 1 0 0 
313 1.a1 1 1 0 0 0 0 
314 1.a92 f 0 0 1 0 0 
315 t.495 t 1 0 0 0 0 
316 1.499 1 1 0 0 0 0 
317 1523 t 1 0 0 .  0 0 
318 t.525 1 0 0 1 0 0 
319 1531 1 1 0 0 0 0 
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3zt 
322 

1.562 
1.583 

I 
1 

1 
1 

0 
0 

0 
0 

0 
0 

0 
0 

323 r584 1 1 0 0 0 0 
324 1589 1 1 0 0 0 0 
325 
326 

1.596 
1.602 

1 
1 

1 
1 

a 
0 

0 
0 

0 
0 . 

0 
0 

327 
32a 
329 
339 

1.606 
1.607 
167l 
1.s95 

t 
1 
1 
I 

1 
1 
0 
0 

0 
0 
0 
0 

0 
0 
1 
1 

0 
0 
0 
0 

0 
0 
0 
0 

331 1.740 1 0 1 0 0 0 
332 
333 

1.761 
1.762 

1 
1 

0 
0 

0 
0 

1 
1 

p
0 

' 0 
0 

334 1.776 1 1 0 a 0 0 
335 
336 

1.a39 
1230907 

1 
1 

1 
0 

0 
0 

0 
1 

0 
0 

0 
0 

337 
338 
339 

1.964 
1.973 
1.980 

1 
f 
1 

0 
0 
1 

0 
0 
0 

i 
1 
0 

0 
0-
0 

0 
0 
0 

340 1 S l  1 0 0 1 0 0 
341 
342 

2053 
2063 

1 
1 

; 0 
0 

0 
0 

1 
1 

0 
0 

0 
0 

343 2107 1 1 0 0 0 0 

320 1545 1 1 0 0 0 0 , 

.... 
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Table IO. NHATS FY82 Composite Peak Inventory - Volatile Organic Anatysis Data Set 
W d w -dConpandr kIr&ordUnmd NUdsJrdCcrrparodr 

StrbndKdtO -by PSPIQ- Identilkdby Target
h d e r w  umm ACOANRogram AcoRNP~mn 

1 1-EN-VO-0-14 
2 1-EN-VO-15-64 
3 l-EN-VO-45+ 

4 1-ES-V0-0-14 
1-ES-VO-15-44 

6 1-ES-VOJS+ 

7 1-MA-VO-0-14 
8 I -MA-VO-15-44 
9 l-MA-VO-45+ 

1-MO-VO-0-14 
11 1-MO-VO-15-44 
12 t-MO-VO-65+ 

13 1-NE-VO-o-14 
14 1-NE-VO-f 5-44 

1-NE-VO-45+ 

16 1-PA-VO.0-14 
I7 1-PA-VO-15-44 
18 l-PA-VO-45+ 

19 1-SA-VO.D14 
1-SA-VO-15-44 

21 1-SA-VO-45+ 

22 1-WN-VO-0-14 
23 1-WN-VO-15-46 
24 1-WN*VO-45+ 

1-WS-VQ-0-14 
26 1-WS-V0-15-44 
27 1-ws-vo-45+ 

28 2-EN-VO-0-14 
29 2-EN-VO-15-44 

2-EN-VO.45+ 

31 2-ES-VO-15-44 
32 Z*ES-VO-45+ 

33 2-MA-VO-0-14 
34 P-MA-VO-I5-44 

24dA-VO-45+ 

36 2-SA-VO-0-14 
37 2-SA-VO-15-44 

' 3 8  2-SA-VO-45+ 

39 2-WN-VO-45+ 

2-ws-vo-15-44 
41 3-EN-VO-15-44 
42 3-EN-V045+ 

43 3-SA-VO-lS44 
44 3-SA-VO-45+ 

4-SA-VO-15-44 
SE 4*SA-VO-45+ 

68 48 20 23 
63 
62 

42 
45 

a 
I f  

23 
22 

51 35 16 21 
43 
49 

26 
35 

17 
14 

21 
21 

6l 42 19 23 
5 4 -
60 

3!i 
40 

19 
n 24 

23 

49 33 16 21 
45 30 15 24 
50 32 t8 22 

48 
53 
54 

36 
35 
31 

12 
i s  
20 

22 
23 
21 

52 30 14 22 
56 
68 

I 42 
47 

14 
2t 

24 
23 

56 41 15 2? 
5B 39 10 23 
44 30 14 22 

57 40 17 22 
59 
7o 

42 
46 

i r  
24 

22 
24 

54 36 18 20 
61 
66 

43 
40 

18 
a 20 

21 

55 37 1s 22 
70 47 23 24 
68 49 19 22 

59 40 19 25 
53 36 17 24 

56 38 18 23 
58 39 19 24 
52 32 20 22 

58 39 19 22 
59 43 16 24 * 
67 47 20 24 

45 31 14 22 

64 42 22 24 
59 03 16 23 
68 46 22 23 

!io 40 I8 23 
62 42 20 23 

53 38 15 2t 
50 33 17 19 
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Table 11. NHATS FY82 Composite Peak Inventory - 6% Florisi? 
Semivolatile Organic Analysis Data Set 

. WdwdPeab MdConpundr )LunberdUn[d6nM 

l n d e r s g l e khlmb 

1 1-EN-SVO-0-14 
2 1-EN-svo-15-44 
3 l-EN-SVO-45+ 

4 I -ES-SVO-O-14 
s 1-ES-SVO-I 5-44 

. 6  1-ES-SVO-45+ 

' 7  1-MA-SVO-O-14 
0 1-MA-SVO-15-44 
9 ? -MA-SVO-45+ 

10 1-MO-SVO-O-14 
11 1-MO-SVO-15-46 
12 I-MOSVO-45+ 

13 1-NE-SVO-0-14 
14 1-NE-SVO-15-44 
15 1-NE-SVO-45+ 

16 1-PA-svo-o-14 
' 17 1-PA-SVO-45+ 

. .  18 1-SA-SVO-O-14 
t 9  1-SA-SVO-l5-44 . 
20 1-SA-SVO-45+ 

21 1-WN-SVO-0-14 
22 1-WN-SVO-15-44 
23 1-WN-SVO-A5+ 

24 1-ws-sv0-0-t4 
25 1-WS-SVO-I5-44 
26 1-ws-svo-45+ 

27 ZQN-SVO-0-14 

Submittedto 
ACORN Program 

ldentwby
ACORNPragrsm 

Molfled by Target 

50 16 34 10 
63 19 44 19 
79 2l  58 14 

M 22 33 26 
x, 
54 

24 
26 

26 
28 

34 
22 

56 16 34 22 
36 13 23 28 
54 26 28 21 

37 i? 20 11 
�6 23 43 15 
64 23 4t 23 

45 16 29 10 
31 14 17 23 
82 28 54 19 

48 18 30 13 
59 22 31 20 

79 34 A5 23 
79 23 56 24 
80 31 49 24 

55 14 41 20 
36 13 23 26 
54 27 27 37 

54 14 40 15 
43 13 30 26 
58 25 33 31 

, 49 . 14 35 14 
20 2-EN-SVO-15-44 45 I S  30 20 
29 2-EN-SVO-45+ 73 17 .56' 33 

30 2-ES-SVO-45+ n 22 50 32 

31 
32 

2-MA-$VO-O-14 
2-MA-SVO-15-44 

46 
36 

17 
3 

2 9 
27 

% 23 
25 

33 2-MA-SVO-45+ 49 16 33 18 

34 2-SA-SVO-0-14 . 59 16 43 13 
35 
36 

2-SA-SVO-15-44 
2-SA-SVO-45+ 

50 
17 

14 
24 

36 
53 

22 
23 

37 2-WN-SVO-45+ 72 18 54 22 

38 2-wssvo-1 5-44 46 13 33 16 

39 
40 

3-EN-SVO-1544 
3-EN-SVO-45+ 

52 
70 

12 
22 

40 
A8 

19 
28 

41 3-SA-SVO-15-44 50 14 36 33 
42 3-SA-SVO-45+ 59 27 31 30 

43 4-SA-SVO-15-44 49 17 32 23 
44 4-SA-SVO-45+ 56 20 36 32 
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Table 12. NHATS FY82 Composite Peak Inventory - 15/50% Ftorisil 
Semivo la t i l e  Organic Analysis Data Set 

Mrmt#rdFearm Hmbcrddcarpamb Numberdllnkientifled fhnherdconpcunds 
submltb&to Id#dmcdby Idmtdkd by Target

hdex sarrpiefbm ACOFiNRosfwl ACORN Program CarpundAnarysk 

1 1-EKSVO-O-I4 
2 1-EKSVO-t544 
3 1-EN-svo-45+ 

4 1-ES-SVO-0.14 
1-ES-SVO-15-44 

6 1-ES-SVO-45+ 

7 I -MA-SVO-0-14 
8 1-MA-SVO-I544 
9 1-MA-SVO-45+ 

t -MO-SV#-14 
lt I-MO-SVO-15-44 
12 t 40-SVO-45+ 

13 1-NE-SVO-O-14 
-	 14 1-NESVO-15-44 

l-NE-SVOdS+ 

16 1-PA-SVO-6-14 
17 1-PA-SVO-1S-44 
18 I-PA-SVO-dS+ 

19 1-SA-SVO-O-14 
1-SA-SVO-15-44 

21 l-SA-SV0-45+ 

22 1-WN-SVOO-14 
23 t -WN-SVO-15-44 
24 t -WN-SVO-45+ 

t -ws-svo-o-14 
26 t -ws-svo-15-44 
27 1-ws-svo-45+ 

28 2-EN-SVO-O-14 
29 2-EN-SVO-15-44 

2-EN-SVO-45+ 

31 2-ES-SVO-15-44 
32 2-ES-SVO-OSt 

33 2-MA-SVO-0-14 
34 2-MA-SVO-15-44 

2-MA-SVO-45+ 

36 2-SA-SVO-0-14 
37 2-SA-SVO-15-44 
38 2-SA-SVO-45+ 

39 2-WN-SVO-45+ 

2-ws-svo-I 5-44 

01 3SN-SVO-15-44 
42 3-EN-SVO-45+ 

43 I-SA-SVO-15-44 
44 3-SA-SVO-45+ 

4-SA-SVO-15-44 
46 4-SA-SVO-45+ 

75 n '54 
67 20 47 
60 19 41 

78 14 64 
68 15 53 
91 18 73 

9 20 39 2 
33 12 ' 21 4 
4t a 20 3 

57 20 37 1 
75 19 56 3 
79 16 63 4 

48 15 33 3 
29 11 13 3 
SB 24 34 3 -

38 13 25 1 
38 13 25 I 
57 16 41 3 

97 26 71 2 
68 2 0 - 48 . 2  
94 29 65 3 

7 9 .  24 5 5 :  - 4  
60 12 48 4 . 
91 . 27 64 5 

66 22 44 6 
68 16 52 5 
96 23 73 6 

108 24 a4 6 
73 15 58 7 
102 21 81 6 

22 6 16 1 
52 9 43 t 

83 21 62 4 
66 18 47 4 
99 28 71 4 

88 24 64 5 
73 15 58 6 
t29 30 9s 6 

?0 20 58 5 

59 P 54 3 

46 15 31 1 
80 16 64 5 

51 14 43 5 n 18 59 2 

n 16 41 t 
22 6 16 1 

i 
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-Each of the samples analyzed i s  i d e n t i f i e d  under Sample Name. The sample 
name code includes a number t o  i n d i c a t e  the number of composites analyzed 
w i th in  a spec i f i c  age group i n  a designated census d i v i s ion .  For example, 
t he  code 1-EN-VO-14 ind icates t h a t  t h i s  i s  the f i r s t  composite from the  East 
North Central (EN) census d i v i s i o n  representing the 0-14 age group. The code 
VO designates the composite was analyzed f o r  v o l a t i l e  organic compounds. Each 
o f  the nine census d i v i s ions  are represented i n  the tab les (EN = East North 
Central;  ES = East South Central; MA = Middle A t l an t i c ;  NE = New England; 
SA = South A t lan t i c ;  WN = West North Central;, WS = West South Central; MO = 
Mountain; and PA = Paci f ic) .  

Addi t ional  tables d e t a i l i n g  the frequency of occurrence o f  HRGC/MS 
responses are included i n  Appendi.ces A through F, provided as a separate vol
ume w i t h  t h i s  report .  The information i n  these tables i s  i d e n t i c a l  t o  t h a t  
provided i n  the previously described data tables (1 through 9). However, i n 
cidence o f  occurrence in format ion i s  provided for the n ine census d i v i s ions  
i n  add i t i on  t o  fou r  census regions and three age groups. The tab les i n  Ap
pendices A through C are "dot matrix'' tables d isp lay ing the incidence o f  oc
currence o f  i d e n t i f i e d  compounds f o r  each o f  the samples analyzed i n  t h i s  
study. Compound names are sorted i n  the same order as Tables 1 through 3. 
Sample data are arranged i n  a ma t r i x  o f  census region, census d i v i s ion ,  and 
age group. Each tab le  i n  t h e  appendices i s  devoted t o  a p a r t i c u l a r  census 
region. The f o u r  census regions which are represented are the West, South, 
North CentraJ, and Northeast, 

Tables i n  Appendices D through F are  "dot matrix" tab les d isp lay ing 
the incidence o f  occurrence of un iden t i f i ed  compounds for  each o f  t h e  samples 
analyzed i n  t h i s  study. The tabl'es i n  these appendices are organized i d e n t i - . 

c a l l y  t o  t h e  tab les j n  Appendices A through C. 

V. DISCUSSION 

This sect ion provides a discussion o f  the l i m i t a t i o n s  o f  the i d e n t i 
f i c a t i o n  method and l i m i t a t i o n s  o f  the FY82 data set. 

A. L imi ta t ions o f  the Peak I d e n t i f i c a t i o n  Method 

Discussions o f  the l i m i t a t i o n s  t o  the peak i d e n t i f i c a t i o n  method 
may be d iv ided i n t o  two categories: l i m i t a t i o n s  o f  the implementation o f  the 
method and l i m i t a t i o n s  inherent t o  the method i t s e l f .  

The primary concern regarding t h e  implementation of the method was 
t h a t  i t  was not  f u l l y  automated. A number o f  c r i t i c a l  steps could have bene
f i t e d  from addi t ional  computer programming. The manual review process i n  
p a r t i c u l a r  was very time-consuming because a l l  correct ions t o  the  seed l i b r a r y  
had t o  be made "by hand," i .e. ,  an operator was required t o  make manual cor
rect ions to the summary repor t ,  i d e n t i f i c a t i o n  l i s t ,  and seed l i b r a r y .  Spread
sheet generation a lso proved to be more time-consuming than o r i g i n a l l y  a n t i c i - . 
pated. However, i n  s p i t e  of these l im i ta t i ons ,  the actual  r e s u l t s  o f  the 
procedure were not  af fected. 
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Inherent limitations of the identification scheme were more subtle. 

Certainly the most stringent limitation in this respect was the dependence of 

the program on high quality spectra. Unknown mass spectra with distinctive 

fragmentation patterns, acceptable signal strength, and no contamination from 
coeluting peaks were easily identified. Conversely, spectra with very little 

.fragmentation, poor or excessive signal strength; or significant contamination 

were a constant problem. 


This dependence upon quality mass speetra is not peculiar to this 
method. It is a necessary condition for the interpretation of mass spectra
in general, whether automatic or manual. No method of automatic peak identi
fication can be successful unless analytical conditions are optimsed for the 
generation of high quality mass spectra. 

It should be emphasized that a manual review was performed for each 
compound tentatively identified in this report. In cases where identification 
to a specific compound isomer could not be conclusively determined, a.non
specific compound or compound class name was reported. However, the full 
name o f  the best ranked NBS reference compound was also retained and reported
in brackets. 

B. Limitations of the FY82 Data 


In addition to the limitations of  the identification method de
scribed above, there were limitations with the FY82 adipose datafiles them
selves when applied to the area of unknown peak identification. Most o f  
these limitations stem from using GC/MS operating parameters which were 
optimized for target compound analysis rather than interpretation of unknown 
mass spectra- Three GC/MS operating parameters were identified which had an 
effect on the performance of the peak identification method: (1) sensitivity
setting of the mass spectrometer; (2) mass scanning range of the mass spec
trometer; and (3) temperature program rate of the HRGC. Background contribu
tion also had an effect on the performance of the peak identification method. 
Each of these parameters is discussed below. 

1. MS Sensitivity 

The objective of the broad scan target compound analysis for the 
FY82 samples was to quantitate target compounds in the 50 to 100 ppb (ng/g) 
range. This sensitivity range is common i’n routine target compound analysis.
Mass spectrometric response may be considered to be roughly proportional to 
concentration for a given sample type such as volatile or semivolatile. Also, 
the dynamic range of a mass spectrometer is approximately two orders of magni
tude for quantitation and slightly higher for reliable mass spectral interpre
tation o f  unknown compounds. Spectra observed at sensitivities outside this 
range may not be adequate for-identificationpurposes due to saturation at 
the high end and excessive noise or signal dropoff at the low end o f  the 
range. These estimates are quite general, with each compound having its own 
HRGC and MS performance characteristics. 

Unfortunately, the organic matrix in the adipose samples of both 
the volatile and semivolatile data sets was very complex. A t  sensitivity 
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settings required to keep the target compounds within the desired quantita
tion range, many unknown peaks had responses well outside the range necessary
for reliable mass spectral interpretation. Figure 8 illustrates the effects 
of acquiring mass'spectra at sensitivity settings inappropriate for mass spec
tral interpretation.purposes. In this example, the-results of an NES library
search of an unknown spectrum are shown. The mass spectrum at'the top o f  the 
page shows the unknown spectrum. Tick marks above some of the masses indicate 
signal saturation. The spectrum immediately below the unknown spectrum is 
the best candidate chosen from the NBS library. Note that there is a marked 
change in the relative intensities of many of the saturated masses. Althoogh
in this case saturation did not prevent the NBS library search from choosing
the correct candidate, other cases resulted in ACORN incorrectly identifying
the unknown peak. Manual review of the data after each application of ACORN 
corrected these misassignments

2. Scan Range Selection 


The semivolatiles presented an additional problem which was related 
to the original MS operating parameters. The semivolatile samples were ac
quired using a mass range suitable f o r  the detection o f  molecular clusters 
characteristic of chlorinated benzenes and polybrominated compounds such as 
polybrominated biphenyls, This required setting the mass spectrometer to 
scan in the high mass region (100-700 amu). A Finnigan/MAT 311A magnetic 
sector mass spectrometer was chosen for the analysis. Due to design con
straints of magnetic mass spectrometers o f  this type, it was necessary to 
begin the mass scan a t 1 0 0  amu in order to achieve an upper mass limit of 
700 amu, Unfortunately, many compounds have significant mass fragmentation
in the 30 to 100 amu mass range. Fragmentation in this low mass region is 
often of critical importance in correctly identifying a compound. 'Thus, the 
quality o f  semivolatile spectra was often marginal for reliable mass spectral
interpretation purposes. 

This problem was most acute for compounds with a molecular weight
between 100 and-150amu. In these cases there was often insufficient frag
mentation to confirm the comparison with the NBS library. The effect of poor
fragmentation on library search results i s  shown in Figure 9. The format of 
this output i s  identical to one shown previously in Figure 2. In this example, 
note that a number of compounds of varying elemental formulas were selected 
from the NBS library as likely candidates. However, the graphic comparison
of the unknown to the three best candidates indicates that only one major peak 
at m/z 108 and three minor peaks clustered around the major peak were present
in the unknown spectrum. It is also apparent from the graph that there is 
insufficient evidence to assign this spectrum to any o f  the candidates, as 
indicated by the close similarity o f  the unknown spectrum to the three best 
Candidate spectra. 

3. HRGC Temperature Program 

The broad scan analysis of the FY82 composite samples was optimized
for the most rapid turnaround time possible without sacrificing the quality 
o f  the target compound quantitation results. This was accomplished by using
relatively fast GC temperature program rates (6OC/min for volatiles, IO°C/min 
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Figure 9. Library search results of an unknown peak with inadequate fragmen
tation for reliable identification. The upper p l o t  in the lower figure is 
the mass spectrum of the unknown peak. Note that only four masses are -

present in the unknown spectrum. Poor fragmentation often resuqts in 
multiple candidate spectra, as shown i n  the upper portion of the figure. 
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.for semivolat i les)  t o  compress t h e  GC p r o f i l e  as  much as possible- Unfortu
nately,  t h i s  caused a number of unknown peaks t o  overlap and coelute.  

The-Incos da t a  system contains  enhancement software w h i c h  attempts 
t o  deconvolute mixed spectra, but i t s  success is dependent on t h e  degree of 
overlap of the  various GC peaks. As t he  overlap becomes grea te r  and t h e  num
ber of overlapping compounds increases,  t h e  enhancement routine becomes l e s s  
successful i n  deconvoluting spectra. Peaks w i t h  complete o r  nearly complete
overlap cannot b e  deconvoluted a t  a l l .  

The ACORN procedure always used enhanced spectra  when conducting
searches of the seed and NBS l i b ra r i e s .  Despite t h i s  precaution, however, a 
number of mass spectra  were analyzed which upon c lose r  examination were found 
t o  be mixtures o f  two or more compounds. There did not appear t o  be a solu
t ion t o  t h i s  problem using t h e  ava i lab le  data. Different operating conditions 
could be employed t o  optimize the  ana lys i s  f o r  unknown compound iden t i f i ca t ion  
purposes. These could include a slower GC temperature program r a t e ,  use o f  a 
longer cap i l l a ry  column, o r  use of a Megabore column f o r  v o l a t i l e  analysis .
Of course, these changes would require  reanalysis  of a t  l e a s t  a l imited number ..
o f  sampl es. 

4. Background Contribution 

A number of samples i n  t6e semivolat i le  f r ac t ion  exhibited a hump-
shaped R I C  p r o f i l e ,  shown i n  Figure 10, w h i c h  i s  common f o r  samples of bio
logical  origin.  T h e  hump exhib i t s  a rather uniform spectrum throughout i t s  
e n t i r e  length,  which i s  shown i n  Figure 11. The presence o f  t h 4 s  hump
throughout a major port ion of t h e  RICs in te r fe red  w i t h  attempts t o  ex t r ac t  
high qua l i t y  spec t ra  of  peaks located on t h e  humps. The e f f e c t  of t h e  hydro
carbon hump was l e a s t  acute  f o r  samples i n  t h e  0-14 age group and progres
s ive ly  influenced data qua l i t y  i n  t h e  higher age group samples. Figure 6 ,  
which was presented ear l ier  i n  t h i s  t e x t ,  i l l u s t r a t e s  t he  difference i n  the  
in t ens i ty  of  t h e  hydrocarbon hump i n  proceeding from t h e  0-14 age group t o  
t h e  45+ age group. 
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Figure 11- Mass spectrum o f  a representative scan 
from the hydrocarbon "hump. " 
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